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All About Digital Earth Watch—Chapter 1

Introduction: The Power of Digital Images
Of our five senses, sight provides near-instantaneous information
over a large range of distances and space. So it is no coincidence
that people use a plethora of images to convey a rich variety of
data: photographs, maps, drawings, paintings, movies, text
documents, signs, etc.
With the inventions of the
computer and the Internet,
images are now more than
memories. Each contains
millions of color intensity
measurements organized
spatially allowing us to measure
the location, motion,
orientation, shape, texture, size,
chemical and physical
properties of objects in the
images. Image analysis software
This is a picture of one of the author's son and dog many years ago. There is
provides ready access to these
quite a bit of personal meaning for him, but there is a tremendous amount of
data. There are nearly unlimited
data within this picture too. Knowing the width of the rock wall that they
uses of digital image data. Every
are walking on, the dimensions of the boy, dog, and nearby grass can be
measured,
the width of the tree trunk in the background may be measured
aspect of industry uses digital
images creatively. The caption in because the block of granite has a known length, and the colors of everything
in the image may be analyzed.
the image to the right has
examples of types of data that
can be found in a digital image.

Digital images offer a powerful way share data in the Information
Age. But how many of us really know how to harness the data? A
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primary goal of the NASA-funded project, Digital Earth Watch was to
provide scaffolded activities and software for people to learn how to
manipulate digital images and to analyze the types of data they
contain:
spatial data (size, orientation, position, etc.),
spectral data (color), and
temporal data (change over time).

At right is a flow
diagram of the ways to
extract information
from digital images
using the free
software,
AnalyzingDigitalImages,
developed for this
project.

Consider using this as a checklist of your understanding of digital
images. If a topic is not familiar to you, read the appropriate sections
and use the referenced website activities and software.

Differences Between Paper-Based and Digital Images
When you first learned to paint, at some point you most likely
mixed all of your paints together. The resulting color? Something
dark - a dark gray, brown, or even black (it depends on the type
and variety of paint colors you had). Yet when white light from the
Sun passes through a prism, we see a rainbow of colors. A rainbow
of colors of light makes white; a rainbow of paints made black. This
is the biggest difference between paper-based images and digital
images: pigments/paints subtract light reflecting from their
surfaces, while in digital images, separate beams of colored light
are added together by your eye and brain to create color.
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Because colors are produced differently by pigments/paints and
beams of colored light, different sets of primary colors are used to
make the rainbow of colors. In paints, it was red, yellow, and blue,
but this has been updated to yellow, magenta, and cyan (this
became important when color images were printed onto paper). In
digital images, the primary colors are red, green, and blue.

Primary Colors of Light
Pigment:

Light:

Notice that mixing two of the primary colors of either pigments or light produces the primary
color of the other (look at the intersections of two circles of color above). To thoroughly
understand the data in digital images, you must be familiar with how colors are created using
red, green, and blue light in varying intensities. If you aren't, try out the recommended
activities suggested below.

Recommended activities and software to learn about color with light:
Dueling Light Beams: Make colors by mixing colored light in a
darkened room - Movies of the activities are available on this
page if you can't get the materials together.
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Compare how colors mix in paint and light using the "Compare
Colors" tab panel in the ColorBasics software. Recommended to
use Chapter 1 of "ABCs of Digital Earth Watch Software"
(http://www.globalsystemsscience.org/studentbooks/dew)" or the
Compare Colors page in this site.
When you feel proficient with making colors with light, have
fun playing the computer or another person using the "Play
with Colors" tab panel in the ColorBasics software. The computer
keeps track of how well you (and your opponent) are
identifying the red, green, and blue intensities of the challenge
colors.
Assessment: See how well you can make colors from red,
green, and blue intensities using the "Test Yourself" tab panel in
ColorBasics software. TIP: You should not move on until you
can correctly identify the red, green, and blue intensities for the
10 randomly generated colors in 15 tries or less.
NOTE: ColorBasics is available free (at http://www.globalsystemsscience.org/software
/download)

What Is Color?
Color is a quality of visible light that is emitted, reflected, or
transmitted from an object. So first, what is light? Another name for
light is electromagnetic (EM) radiation, which is a stream of photons
emanating from a surface. Photons are packets of energy that have
characteristics of both waves and particles, but each photon contains
a specific amount of energy. All the colors in the rainbow that
humans see ...
red - orange - yellow - green - blue - violet
...are photons in a relatively narrow band of energies of the EM
radiation, which is called visible light. Photons of violet light have
more energy than photons of green light and all other colors. Red
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photons have the least energy of all the visible light. In terms of
waves, red has the longest wavelength and violet the shortest.
Photons of light striking an object have three possible fates:
Photons are absorbed by the object
Photons are reflected from the object
Photons are transmitted right through the object.
The light that reflects from a surface is greatly influenced by surface
irregularities. Most surfaces in our everyday world are quite rough
when viewed microscopically, and these surfaces produce diffuse
reflection, meaning you can't see an image in the reflection (unlike a
mirror or smooth metallic surface). Most objects we see and
photograph have diffuse reflection of light from their surfaces.
Adding up the intensity of visible light that is absorbed, reflected,
and transmitted will equal the intensity of the light falling on the
object. In other words, the percent light reflected, transmitted, and
absorbed adds up to 100%. Keeping this in mind while analyzing
images allows one to assess material properties of the photographed
objects (example are the leaves below).

Photons and electrons
On the Basics of DEW>EM Spectrum page (http://dew.globalsystemsscience.org)
there are links to a movie created by NASA showing five ways light is emitted
(given off) by atoms and molecules. Of those, only two generate visible light:
electron shell change and blackbody radiation. Since objects need to be at several
thousand degrees to emit visible light from blackbody radiation, most of the light
we see day to day is light given off when electrons change from a higher to a lower
orbital energy state. Conversely, when light is absorbed electrons move to a higher
orbital energy state farther from the atom's nucleus. Photons are absorbed only if
they have the exact energy (the exact color) to move an electron to the higher
energy orbital position.
Color helps us determine the chemical composition of objects: the types of atoms
and how they are bonded together in objects determine the colors of light that are
absorbed.
Visible light that isn't absorbed by an object do not cause the electrons to change
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their orbital position, but the photons can still interact with the electrons. The
electrons vibrate with small amplitudes for brief time periods, and the light is
re-emitted as the same color in the form of reflected and/or transmitted light.
Light that isn't absorbed or reflected is transmitted through the object.
For a more thorough treatment of the physics of color, the book The Physics and
Chemistry of Light by Kurt Nassau (1983) has 15 ways color is created by atoms and
molecules!

Examples of light reflected from a leaf (above, left) and light transmitted through leaves (above, right).
Since green light is both the predominant color reflected and transmitted,
it is the color that is least absorbed - and the one that is not used by plants for photosynthesis.
The colors of light that drive photosynthesis (or that chlorophyl absorbs) are red and blue light.
See how foresters use this knowledge to assess the health of plants (http://dew.globalsystemsscience.org/tools/plant-stressdetection-filters).

Recommended activities to study how light interacts with objects:
Explore how to use LEDs (Light Emitting Diodes) to measure the
light reflected, transmitted, absorbed and/or emitted from objects in
Chapter 5 of ABCs of Digital Earth Watch Software
(http://www.globalsystemsscience.org/studentbooks/dew).
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Color in Digital Photographs
A digital image is an electronic
file of the numeric values of the
color intensity of small tiles of
uniform color (called pixels,
which is a shortened form of
picture element) organized in a
two dimensional field. There
are two general ways to
consider how color is
represented in the image. The
first is that each pixel has three
primary color intensities
associated with it (red, green,
and blue), and the pixel is at a
specific location in the image.
The combined three intensities
are most likely created by a
chemical and/or physical
properties of the object at this
location in the image.

It is easy to forget that a pixel is actually an area that has physical
meaning relative to the objects in the digital image. Since the color is
uniform across the pixel, we can't see detail smaller than the size of
the pixel. This doesn't relate just to digital images, our eyes have
limited resolution to the detail we can see. For example, we can't see
the stomates in a leaf or the hairs on the legs of a fly without a
magnifying glass. At some point, we cannot see detail smaller than
the sensors (rods and cones) in our eyes.
Below is an example of what we would see looking at the same scene
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but with different size sensors, which create different size pixels.
Note that you aren't zooming into the image, just seeing more detail
with smaller pixels. In a sense, it is helpful to think about pixels as
uniform color tiles that are often found in bathrooms and kitchens.
When organized, they can be used to make pictures.

Starting with a 2x2 pixel image, each image has 4 times as many pixels compared to the image on its left
(twice as many pixels high and wide). Notice how the amount of detail changes with smaller and smaller pixels.

The second way to consider how colors are organized in a digital
image is that there are three separate layers of color intensities, red,
green, and blue, each organized in a two dimensional field. It may
be helpful to think about each of these layers as being produced by
being in a dark room where only that color light is shining. Below
is an example of a hand that looks remarkably different in different
lighting conditions. We all look younger using red light, and as the
wavelengths get shorter, more detail of the damage caused by the
sun and aging are evident.
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Recommended activities and software to learn about pixels:
Examine the same image with different size pixels. Try
identifying the mystery pictures using the "Pixels" tab panel in
the software, DigitalImageBasics. NOTE: the software will also
pixelate any image on your computer (works best with
images that are 512 x 512), and it displays the images with the
largest/fewest pixels first. Move the cursor across the image
to see the size of the pixel as well as its color based on red,
green, and blue intensities. Recommended to use Chapter 2
of "ABCs of Digital Earth Watch Software"
(http://www.globalsystemsscience.org/studentbooks/dew).
Turn the three color layers of any digital image on and off
using the "Colors" tab panel in the
software,DigitalImageBasics. Move the cursor across the
image to see the pixel's color based on red, green, and blue
intensities. Also, display the original to compare how the
image has changed as the layers of color are manipulated.
NOTE: DigitalImageBasics is available free (at
http://www.globalsystemsscience.org/software/download).
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Digital Images Not Based on Visible Light
There are two types of digital images that are not based on visible
light (so are not photographs): maps representing the presence
and/or amounts of a variable and images based on electromagnetic
radiation outside the visible light spectrum (often called false color
images).
When making a map of a spatially distributed variable, the
magnitudes of the values are converted to color intensities. In
some cases, the values are converted directly to a color intensity of
red, green, or blue, or the values can be divided among a variety of
colors, as shown in the image below. In this example, the color key
is essential to convert the colors to the original values of
chlorophyll in the ocean. With image analysis software, such as
AnalyzingDigitalImages, you may select a range of colors and
display only these values, so you will be able to display specific
ranges of phytoplankton concentrations using the image below.

Seawifs satellites (http://oceancolor.gsfc.nasa.gov/SeaWiFS/BACKGROUND/SEAWIFS_970_BROCHURE.html)
have been monitoring phytoplankton for more than a decade by analyzing the color of the ocean,
which is affected by the amount of chlorophyll in the floating plankton.
The colors in map above are based on the concentration of phytoplankton across the oceans.

Because each digital image contains three color layers, up to three
sets of data may be displayed in each image. Below is an example
of what three different fields of data would produce in the final
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image. If you know how to interpret color, you will be able to
identify how the trends do and do not overlap, which then helps to
explore cause and effect or at least correlation between variables.
For this example, let ocean temperature be displayed in the red
color layer, ocean salinity in the green layer, and phytoplankton
concentration in the blue layer. In all three layers, black represents
the lowest values, the the brightest intensities of a given color the
maximum value of the variable.

Field of ocean surface temperatures where black represents
the coldest waters and bright red the warmest waters.

Field of ocean salinity where black represents the
least saline water and bright green the most saline.

Field of phytoplankton concentration where black represents
the lowest concentrations and bright blue the highest values.

Combined fields of ocean surface temperatures,ocean salinity,
and phytoplankton concentration where each field is mapped
in a separate color layer.

In the fictitious example above, the source of warm and cold water
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appear to be different from the causes of high and low salinity.
There is an interesting correlation of the phytoplankton: it is
lowest where temperature and salinity are lowest and when both
are near maximum values; and the highest phytoplankton
concentrations in cold water with high salinity and in warm water
with low salinity.
Recommended activities to study how to work with digital maps:

Explore a case study on how to recover the data used to
create digital maps using AnalyzingDigitalImages software.
Explore the "Old Growth Forest" activity in the free software
AnalyzingDigitalImages.

Representative Color in Digital Images
Today there are many sensors designed to "photograph" a wide
range of the electromagnetic spectrum, and in order to visualize
these data, the intensities of the invisible light are used as one or
more of the color layers in a digital image. This is particularly
common with satellite imagery. Since images taken from above the
Earth's surface are so unusual because of their unique perspective,
we will first explore a common satellite image (Landsat, in
particular) using a scene photographed from the ground.
Most digital cameras, with a little alteration, can take images in the
near infrared light (NIR), which is invisible to our eyes. What color
would you use to display it? As a first try, how about in shades of
gray, with black representing no infrared light, and white showing
high intensities of infrared light. Compare this image to the true
color image.

2012-04-10

page 14

Near infrared image of landscape.

Same landscape in visible light.

Since a digital image may contain three measurements of intensities
within the electromagnetic spectrum, we can combine several of the
measurements from the above images to create one. In this case, the
NIR will be displayed as the red layer, the red intensities as the green
layer, and the green intensities as the blue layer - so none of the true
colors are displayed as the same color in the digital image. This is
truly what is often called a false color image! A more flattering term
for this is representative color—a display color is representing a
detected energy of light that is normally invisible to us.

Near infrared intensities displayed in
red layer.
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Green intensities displayed in blue
layer.

Voila, pink trees and cyan (blue-green) pathways!
This false color image is one of the standard color composites used with Landsat data.
It is often referred to as an NRG image: near IR, red, and green image.

There are many satellites orbiting the Earth making measurements in
a wide range of the electromagnetic spectrum. What would an image
look like when using the NIR, red, and green sensors? Below is an
example of what a Landsat satellite image would look like using
these wavelengths.
Since 1972 Landsat sensors have provided rich information about
land features, including the mapping of the location, aerial extent,
and health of vegetated landcover. The NRG color composite
illustrated below helps scientists to compare vegetation coverage of
selected location over time.
Based on this color mapping, healthy vegetation reflects a large
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portion of NIR and will appear as red to pink. Urban areas and
other non-vegetated areas reflect relatively large amounts of all light
will appear light blue/cyan/gray. Water, which does not reflect
much NIR, red, or green light, appears dark.

Near infrared intensities displayed in
red layer.

Red intensities displayed in green
layer.

Green intensities displayed in blue
layer.

Since our eyes have varying sensitivity to red, green, and blue, it is
helpful to view each set of measurements in black and white.

Near infrared intensities displayed
in black and white.
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Green intensities displayed in black and
white

A Landsat image of eastern Massachusetts with the NRG color composite presented above:
NIR measurements are mapped as the image's red layer, red intensities appear as green colors, and measured green light is
displayed as blue.
Image from Landsat Clic 'N Pic (http://mvh.sr.unh.edu/Landsat).

Satellites typically measure more than three wavelengths of the
electromagnetic spectrum. Landsat measures 7 wavelengths. This
means there are 210 unique ways to view the combinations of
Landsat measurements with a digital image! This is why standard
color composites were created - to minimize and standardize the
options for the viewer, but there are ways to use all of the
measurements at once. To access more than three sets of satellite
measurements, you need to use advanced remote sensing software
which are described in Chapter 6.
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Benefits of Digital Images
There are many ways to use digital images to measure variables of
objects in an image and share data with a larger community. In
order to do so efficiently and accurately, you need to be familiar
with the fundamental ways data may be accessed spatially and
spectrally. When there are multiple images of the scene, then
changes of the spatial and spectral variables are possible. The
DEW information, learning activities, and free software are
available to help you learn these fundamentals as well as provide
powerful tools for you to begin using digital images to make
measurements that are important to you. Consider joining the
PicturePost community (see Chapter 8) to begin sharing
photographs and measurements of changes in your local
environment.
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Part I: Digital Tools
All About Digital Earth Watch—Part I: Digital Tools—Chapter 2

Making Images with Digital Cameras
Many of us use
digital cameras as
tools to record
memories by
capturing images of
objects. But with a
basic understanding
of how a digital
camera captures
images and how
computer software
may manipulate the
images, a vast array
of data may be
measured efficiently,
thus providing a low
cost way to collect
and analyze scientific
and/or educational
data.

Digital images may be used to measure color,
size, direction, and spatial relationships of
objects in an image (see concept map below).
Software to analyze digital images will be the
subject of chapters 5 and 6 and sources of
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images for download/upload images from the
Internet is the subject of Chapter 4. This
chapter is about capturing your own original
images with a digital camera so you may
maximize the accuracy and minimize the
uncertainty of the measurements.

Scientific and education uses of digital cameras.

Ultimately, data in digital images may lead to measuring change
over time, identify material properties, and may be used to study
cause and effect in many disciplines of science: physics, chemistry,
biology, geology, oceanography, meteorology, etc (examples
presented in the following table).

Examples of using Digital Image Analysis to Support the Science Classroom
Topic

Examples

Physics

Measure motion - displacement, velocity, acceleration in one and
two dimensions (e.g. projectile motion)
Measure emission, reflection, absorption, and transmission of
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light from objects
Chemistry

Measure color of reactions - titration and/or concentrations
Use movie mode to observe and measure crystal growth

Biology

Measure growth of plants and animals
Study similarities and differences in genetic experiments
Study human features - growth, response to situations, etc.

Geology

Study change in landscape and land cover over time
Document and measure spatial features - sedimentary layers,
erosion surfaces, etc.
Measure stream response to flooding

Oceanography Study wave sets and patterns
Measure changes in beach profiles and patterns
Measure tides along beaches, estuaries, marshes, etc.
Meteorology

Observe how clouds move and change based on approaching
weather systems
Study sky color and relate to air quality
Measure sky optic features - rainbows, halos, sun dogs, etc.

Environmental Study landscape reclamation projects
Science
Study seasonal changes of vegetation using PicturePost images
(http://picturepost.smugmug.com/)
Measure spread of invasive plant species
Measure effects of invasive animals on plant foliage (gypsy
moth, wooly adelgid, etc.)
Measure spread of plant foliage blights

Taking Digital Images
To improve how to use a camera to take digital images for scientific measurement, it is good
to know the basics of operating your digital camera. Use these recommended links to learn
about
camera exposure (aperture, shutter speed and ISO setting)
http://www.cambridgeincolour.com/tutorials/camera-exposure.htm
depth of field (http://www.cambridgeincolour.com/tutorials/depth-of-field.htm),
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camera metering (http://www.cambridgeincolour.com/tutorials/camerametering.htm),
camera lenses (http://www.cambridgeincolour.com/tutorials/camera-lenses.htm),
and
white balance (http://www.cambridgeincolour.com/tutorials/white-balance.htm).

Taking Digital Images for Spatial Measurements
Recommended procedure while taking a picture to measure the size of specific objects:

1. Maximize the optical zoom available on
your camera. This tends to minimize
distortion of objects at different distances
from the camera lens. Compare the size of
the nose to the head in the "zoomed in" and
the wide-angle photos below.

Using wide angle setting.

Using zoomed in setting.

2. Keep the camera lens parallel to the
object(s) that will be measured. This
minimizes distortion of objects at different
distances from the camera lens. Which
picture below is useful for making a
measurement of the length of the nose?
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Which is useful in measuring the area of the
snout?

Best to measure area of snout.

Best to measure length of snout.

3. Fill the picture frame with the object of
interest. The more pixels used to represent
the object allows more details to be seen.
Which picture below would be easier to
measure the length of the belt buckle?
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Details of pig harder to see.

Details of pig fill image so easy to see.

4. Put a scale of known length in the same
plane as the picture. To make more precise
measurements, use a scale that is comparable
in size to the object of interest. For example,
if you were taking a picture of a tree to
measure its height, you might use a 2 m pole
rather than a 20 cm ruler. Put the ruler
parallel and in the same plane as the objects
you are interested in measuring. Notice what
1 inch represents on the pig in both pictures
below.
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Scale next to pig, so accurate size measurements.

Scale behind pig, so inaccurate measurements

5. If possible, place a simple colored
background behind the object of interest to
make measuring easier. It will be easier to
see the edges of the object to be analyzed.

Cluttered background.

Uncluttered background - best for seeing boundaries.

TIPS
Use a resolution of at least 800 x 600 (about one half megapixel).
Take 3 pictures of each situation. Maximizes chance that a photo will be in sharp
focus.
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Use a tripod.
If taking images of similar objects, be as consistent as possible:
Try to keep camera the same distance from each object.
Try to use the same lighting conditions.
Don't change the camera settings for different pictures.
Take detailed notes of each picture.
Time of day, sky conditions, direction camera is pointing, camera settings.
Consider creating a data collecting template and print many copies before going
into the field.
Put a label of the object in the picture to make organizing pictures easier.

Taking Digital Images for Spectral Measurements
Obtaining scientifically accurate color from your digital camera is not
as easy as one would think. There are many variables such as your
camera setup, computer setup, lighting, exposure, and white balance
that can affect the way color renders in your images. However,
through the use of some simple fundamental photographic techniques
we can greatly improve the quality of our images for use as a scientific
data collecting device.

The Computer Setup
Computer monitors, LCD screens and even TVs can look very
different from one another. All you have to do is go into a large
technology store and look at the big wall of TVs or monitors and you
will see big differences in luminance, contrast, hue, and saturation. If
your screen is not calibrated it may not affect the ADI software's
ability to read the percentage of red, green and blue, however, it will
definitely affect your perception of the colors you've recorded with
your camera. The solution to this problem is to calibrate your screen
regularly with a device such as the Spyder3 from Datacolor or the
Eye-One Display from X-Rite.
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The lighting in the room where the computer is located is also
important. Calibrate your screen under the lighting conditions with
which you intend to use your computer and keep the lighting the
same all the time. If you look at a picture or your screen under
different types of light you will see why this is important. Different
lighting such as Tungsten, fluorescent, sunlight, and near dark will all
cause your eyes to see the image differently. Again, this tip is for
people that are more serious about color because it will not affect the
ADI software results but it will affect your perception of color.
The last computer tip involves your image editing software. Some
programs like Adobe Photoshop or Lightroom have the ability to
make corrections to your photos as they are imported into the
computer. In an effort to keep this simple, let's just say it would be
better if you prevented the program from doing this and allow them to
come into the computer the way they were shot. However, for people
who are very serious about color accuracy you may want to create
your own color profile for your camera with a program called DNG
Profile Editor, which you can do a search for on Google. The
downside of this is it requires you to buy a fairly expensive color
target and the result you get may not be hugely different than the
Standard Profile that came with your camera.

The Camera Setup
All digital cameras, whether they be DSLR's or point and shoot, are
similar in how they take an image, but they vary greatly in their
buttons and icons. The good news is most cameras have the same set
of basic functions, so you may just have to look them up in your
camera's manual to find out how they work in your particular camera.

As far as color is concerned we only need to worry about a few
options. The first option is the camera's color profile. By default it's
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probably set to the standard profile which is what we want, unless you
made a custom profile with the DNG Profile editor as mentioned
earlier. The good news is you shouldn't have to change anything. If
you want to see the camera's other profiles just look in the camera's
menu system for options like monochrome, sepia, landscape, portrait,
neutral and standard. Every camera has different profiles, and some
may call them something else like "lens effects". Your camera may
alternatively have sliders that say hue, saturation, contrast; and you
would want to make sure these sliders are all set to the middle.
The shooting mode is also important because we would like to keep
everything consistent from one shot to the next. For this reason it
would be best to use the camera's manual shooting mode. This mode
allows you to set the ISO, shutter speed, and aperture. When in
manual shooting mode, these settings will not change from shot to
shot unless we change them. The worst possible shooting mode to use
would be the full auto mode because the camera controls everything,
and all of the camera's settings can change from one shot to the next.
In any shooting mode, you want to be able to turn off the camera's
flash.
If your camera doesn't have a manual shooting mode like in some
point and shoot cameras, then the best shooting mode would be the
program mode. This mode will still select the shutter speed and
aperture for every picture but at least it will let you select the ISO and
whether or not your flash fires.
Finally, the most important camera setting for recording scientifically
accurate color would be the white balance. White balance is a setting in
your camera that tells the camera how to deal with different
temperatures of the ambient light. You may have noticed that a
tungsten light bulb is a warm light and gives off an orange glow;
while a fluorescent light is a cooler light that has a more greenish tint.
Our eyes and brain are pretty good at adjusting to the temperature of
light for us, but cameras need to be told what kind of light there is so
they can remove any color casts (or alterations) in your images. These
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color casts can cause the ADI software to give your incorrect RGB
percentages.
Most cameras by default are set for Auto White Balance (AWB), which
means that the camera will figure out the white balance for you no
matter what kind of light you are shooting in. The problem with this
setting is it doesn't do the best job. One step better would be to choose
the appropriate setting for the light you are shooting under like
tungsten, florescent, sunny, cloudy etc. However, for scientifically
accurate color we really need to do a custom white balance every time
you shoot under different lighting conditions. Creating a custom
white balance is not hard to do but you do need to buy a grey card.
Consider the grey card called the PhotoVision target, but there are less
expensive cards from Opteka or WhiBal.

Lighting
The lighting on your subject should be bright enough to provide
evenly distributed light over your subject. The camera's flash is
generally not a good source for even lighting so be sure to turn off
your flash. For photographing small objects like test strips, plant
leaves, or petri dishes containing chemical reactants or living
organisms, consider using two clip-on work lights each with a
100-watt tungsten bulb. These can be purchased at a local hardware
store for less than $10 each. Don't use florescent bulbs because they
don't produce as intense light, and it's harder to achieve a good white
balance when using them. Turn off any overhead florescent lights
while you're photographing your experiments. You may also want to
place white paper or white foam core opposite your lights as a
reflector to bounce light back onto your test subject. If you have a
chance to create your own background behind your test subject, try to
make it the same color as your grey card (18% grey) because that's
where your camera's meter works best for calculating an exposure.
But if you can't make your background grey, try to make it a color that
is different than the colors of your test subject. Solid color poster
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board are make excellent backgrounds for relatively small test
subjects.

Sample Procedure
1. Setup a shooting station
The important part of this setup is that it provides even illumination of
the subject and a stable and consistent position for the camera. The
two work lights can be found at most hardware stores and they
contain 100-watt tungsten light bulbs. The reflector in the back is there
to bounce light back on to your subject so you don't get as much light
falloff. White foam core makes for a great inexpensive reflector. The
tripod in this setup does a great job of holding the two work lights at a
45 degree angle to the subject and provides a very stable shooting
platform for the camera. If you don't have a tripod like this you can
use a ring stand on each side to hold the lights and a third stand with a
Bunsen burner ring on it, then place the camera on top of the ring so it
can shoot down on your subject.

2. Set up your camera
Turn off your on camera flash.
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Put the camera into the Manual Shooting Mode if you have one or
the Program Mode.
Set the camera ISO to 80 or 100
For best results do a custom white balance with a grey card after
you have determined the correct exposure. Since every camera
has a slightly different procedure, refer to your camera's manual
for how to set a custom white balance. If you don't have a grey
card, set the camera's white balance to tungsten. However, as
you can see from the images below, a custom white balance can
make a big difference.

Tungsten White Balance
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Custom White Balance

3. Take the picture
Make sure the plane of the camera's sensor is parallel to your
subject.

The blue planes are illustrating that the plane of the camera sensor (small blue rectangle) is
parallel to the plane of the test subject (large blue rectangle).

Focus on an edge or an area of contrast. Your camera can't focus
where the red arrows are but, it can focus on where the blue

2012-04-10

page 33

arrows are located. Your focus point is often a small square or
rectangle. Place it over an area of contrast, then press the shutter
button half way down till you hear a beep or see the square light
up red. This means you have locked focus and you may press
the button the rest of the way to take the picture. Try not to rush
your camera in this process, allow it time to obtain focus lock
before you take the picture. If you try to do it all with one
smooth push of the shutter button you may not lock focus and
you could end up with a blurry picture.

Take a test shot and adjust your exposure.
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This image was taken in program mode with no exposure adjustment.
The histogram above can be seen on your camera by repeatedly
pressing the Display or Info button until the histogram is displayed.
Since this target has three distinct colors, black, grey and white, the
histogram has the same three peaks. The exposure above isn't bad and
could be used for color testing; however, it is slightly underexposed.
The red arrow shows where there is some room to the right of the
white peak. A good histogram should have information that covers
the whole range from left to right, just make sure the peaks don't crawl
up the left or the right side of the histogram. See the next image to see
how the exposure can be improved.

Notice that there is no empty space on this histogram from left to
right. The left side of the histogram shows that part of the image is
losing detail, but that's because there is some light fall off on the target,
so make your color measurements where the light is evenly
distributed. The right side is perfect, the peak goes right up to the
edge but does not crawl up the right side.
To make this correction in your camera (manual mode) change the
shutter speed to a slightly longer time. To make this correction if your
shooting in the program mode press the exposure compensation
button and dial in + 0.3 ev, which will brighten the exposure by 1/3
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stop of light.
On the diagrams below one dot is a 1/3 stop. If your camera doesn't
have an exposure compensation button on the outside of the camera
body, check in the menu system or your camera's manual.

After adjusting the exposure, set a custom white balance.
Replace the white balance target with your test strip and a
comparison color chart and take the final picture. I placed my
pH paper on a light grey paper and I placed the pH color chart
above the test strip so the shadow from the canister would not
fall on my strip. I also oriented the canister so the best light hit
the part of the color chart that looked closest to my test strip.
This would have worked better with a flat color comparison
chart.

2012-04-10

page 36

Inspect your image to make sure it is sharp and clear, then use
the ADI software to see if the test strip was closer in color to pH
7 or 8. The red and green peaks appear to be closer to pH 8. To
create the graphs below, use the Rectangle Tool (one of the spatial
measurement tools) to draw a box within the desired area of
color to be analyzed. The go to the FileMenu and select Graph
Colors. The graph may be saved as an image or printed to be
included in a report, or the color histogram data may be saved as
a file that may be imported into spreadsheet programs such as
Excel for additional analysis.
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Test Strip

pH 7
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pH 8
The procedure above would also work for larger subjects.
Simply make sure to use even lighting, the right exposure,
a custom white balance, and take a clear sharp image.

Real World Examples
Dr. Michael Green of the Centers for Disease Control and Prevention,
used an earlier version of AnalyzingDigitalImages (MVHimage) to
analyze the concentration of insecticide on mosquito netting to
provide an inexpensive way to protect oneself from disease carrying
mosquitos in tropical climates. For more information, read his article.
He analyzed the intensity of color of a chemical reaction to assess the
concentration of the insecticide.
In 2010, the National Science Foundation funded the University of
Massachusetts, Amherst, to develop research-grade protocols to
measure the concentration of a number of environmental pollutants
using digital cameras and AnalyzingDigitalImages. Presently, there are
methods developed to measure the concentration of arsenic (which
includes arsenic in the rice we eat), ozone in the atmosphere, and
dissolved organic carbon in water. See their website
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(http://umassk12.net/digital) for the latest background information
and methodology.
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Next Chapter

All About Digital Earth Watch—Part I: Digital Tools—Chapter 3

Getting Images: Kite and Balloon Aerial
Photography
Kite Aerial Photography has been used to document special events,
dramatic landscapes and peoples’ yards since the 19th century. At
Blue Hill Observatory in Milton Massachusetts, the history of kite
use and other aeronautic endeavors is rich and diverse. In the 1880s
kites were used to study electricity in the air in a manner much safer
and more scientific than most peoples’ perception of the Ben
Franklin experiment. In the 1890s through the 1920s kites at Blue Hill
lifted cameras to survey the land. They also lifted meteorographs,
which were devices to measure at least two, and up to 4, aspects of
the weather and graph the information on to 24 hour charts. The
most frequently flown meteorographs at Blue Hill measured
temperature, humidity and altitude/air pressure. Some of the flights
also measured wind speed. The average flights were 7,000 feet (about
2,000 meters) above mean sea level (MSL) from Blue Hill which is
635 feet above MSL.
The record for a meteorograph flight at Blue Hill was 15,793 feet
above MSL on July 19, 1900. In addition to measurements with kites,
large helium balloons also lifted meteorographs. The problem with
the balloons was that they frequently flew to places where no one
found them. Since the 1930s, radiosondes (a.k.a. weather balloons)
were used and there is now a network around the world which
releases weather balloons which transmit the weather data back to
the ground. From the 1960s through 1998 there were no kite or
balloon research activities at Blue Hill.
The only valuable research data that a kite can aid in collecting in the
21st century in most of the world is visual imagery. Every continent
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has rules and regulations about
how high a kite can be flown.
For most of Europe and many
other countries the law is 500
feet (160 meters) of line with an
above ground height of no more
than 200 feet (65 meters). This is
the same rule at Blue Hill
because we are close to
Norwood Massachusetts airport
and on a Logan Airport flight
path. In most of the USA the
above ground maximum kite
height is 500 feet with a
maximum line length of 1,000
feet. Although the weather
changes even as you go just
dozens of feet above the ground, the data under 500’ is not that
valuable to researchers. It is a fun thing to measure with students to
introduce or reinforce an understanding of the layers of air.

A wide range of modern temperature and
humidity sensors including data loggers
and graphing thermometers can be
attached to a wide range of kites.

A kite meteorograph as William Eddy and other
atmospheric scientists would use in the 1890s.
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Simple to build sled kites can lift light
instrument parcels. The very popular
Frustrationless Flyer is one such sled kite
that can be purchased at Blue Hill
Observatory Science Center and kite stores
around the nation.

Sled kites are easy to build and fly very well.
There are several kits like these or many designs
to build your own from scratch.

Other good lifters for light objects include
the common kite styles Delta, Diamond,
Box or Parafoil. To lift heavier instruments
or cameras, larger more sophisticated kites
are necessary.

Box Kite with meteorograph on summit of
Mount Washington N.H.
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There are many ways to do Kite Aerial
Photography (KAP) with your students.
The easiest is if there is a local kite
enthusiast who does KAP and is willing do
a demonstration. The letter in the back
[WHAT LETTER????] is a good way to find
a person in your area who could do that.
More adventurous is to build your own
camera rig and fly it from a commercially
made kite which has enough power to lift
the unit you built. The most adventurous is
to also design and build the kite(s) to lift
the camera rig.
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For shutter release on cameras, you can set
up a simple plunger from springs or rubber
bands triggered from a separate string to
the ground. Alternatively you can use the
self-timer on the camera, or some cameras
do time-lapse or other multiple picture
taking. For a really exciting perspective, set
the camera on video.
The most serious KAP enthusiasts and
professionals use radio controlled camera
rigs which not only have shutter releases
but can also tilt and pan the camera. Some
even control the camera zoom feature.
There are instructions online and many kits
or already built units you can buy.

Here are some of my favorite web sites for KAP kits, plans and assistance:
http://www.brooxes.com/,
http://www.cobrakite.com/kap.html,
http://www.arch.ced.berkeley.edu/kap/,
http://kaper.us/,
http://www.google.org/Top/Recreation/Kites/Kite_Aerial_Photography/,
www.kiteseyeview.com,
http://www.brooxes.com/newsite.
For a complete ready to buy blimp set up, visit:
http://www.aerialproducts.com/aerial-photography/aerialphotography-systems-for-blimps.html. You can probably find a
person who owns this system in your area and would come do shots
for you.
The great benefit of kites, balloons, blimps and poles for aerial
photography is that they allow close up imagery of the subject. It is
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especially fun and educational to compare the imagery from a low
altitude (50 to 250 feet above ground) picture to satellite imagery of
the same location. These low altitude images can be set up to match
“pixels” of a satellite image. For analysis of vegetation health, you
can put filters on the camera or use the computer to change the
view/filtering. The varying methods of analysis are part of the
technology component of this activity.
Kite or balloon aerial photography can be the focus of an exciting
and challenging series of lessons spanning STEM education, art,
history and literature. A sequence can start with a unit on Kites and
Balloons including: History, Design, Aerodynamics, Construction,
Flight. This can be followed by a sequence on Cameras including:
History, Design, Construction, Photo Techniques, Production and use
of images. Finally a sequence on Remote sensing tools might inlcude:
Robot development, design and construction, wireless vs. connected
remote control, methods of remote capture and transfer of
information.
History
The first kite was developed over 2,600 years ago in Asia, most likely
central or southern China. The materials used were silk for the sail
(skin), bamboo for the frame (bones), and linen, cotton, silk or hemp
for the rigging and flying line. The exact story is not known. My
favorite version combines a couple of the different stories in to
another version. You can find many versions and this is a great
literature activity to compare and analyze the stories. Here is my
version: There was a farmer tending his crops in a wide open field.
The sun was strong so he wore a hat with a very large brim to protect
him from the sun. A strong gust of wind blew the hat off his head.
He grabbed the hat by the chin strap and it hovered on the wind. As
he glanced at his hat, he saw a bird of prey hovering on the wind
above the field. That gave the farmer an idea. He went and got some
silk fabric, bamboo, glue and some string. He fashioned a model bird
and attached string to it similar to the chin strap on his hat. He held
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the “Kite” (a bird of prey) aloft and let the wind take it. It spun and
crashed to the ground. He watched the bird in the sky more closely.
He then took his model and modified it to be more like the bird. He
launched his new version and it flew for a moment before diving
and crashing. With perseverance he fashioned a kite which would
stay aloft and get to a reasonably high altitude.
For the next century, most kites looked like flying animals including
bats, bees, birds, butterflies, dragonflies and other flying creatures
copied from nature. Now kites can be fashioned to look like almost
anything and successfully fly. One of the most humorous unique
kites of the 20th century is one that looks like a toilet.
After discussing the creation of the kite you can move on to modern
kites the students are familiar with. You can discuss the heritage of
different kites the students name, the aerodynamics and how that
kite is similar and different from the first kites. This can then lead to
how kites have been used over the centuries.
Today's Technology
When it comes to lifting, kites have carried banners, whistles and
musical ribbons, humans, cameras, audio equipment and much
more. The technology used for most Kite Aerial Photography (KAP)
today was developed in the 1980s and has been perfected constantly
since then. How large and powerful a kite has to be for KAP depends
on many factors. A good engineering activity to do with the students
is to determine what those factors are. The key ones are: weight of
the camera and rigging; strength of the wind, turbulence and other
wind characteristics at the flying sight; a single or multiple kites; the
desired altitude for photography. The students should be able to
come up with many others including things like stability, wind
direction, weight and type of kite line….
When you know the challenges, you can then design and build your
“camera platform”. The platform is the kite(s) and the camera
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rigging which make it possible for the camera to go aloft and take
pictures. For a self-contained shutter release camera with a string
harness to hold it, the kite needed for lifting can be very simple. To
have each student build their own kite which can then be a
component of the flight platform, a train of Eddy kites or a gang of
sled kites works well. If you gather the materials yourself, Sleds or
Eddy kites which will develop enough power when combined with
others can be built for less than $1.00 each. You can buy ready made
kits from several companies for slightly higher prices depending on
the size, quantity and materials they are made of. Students can each
build a single kite which is powerful enough to lift a light rig. As the
kites get larger the time and cost do go up. A four foot tall Eddy or
other diamond kite or a Rokkaku can be built with plastic sail
material and wooden dowels for spars at a cost of under $5.00. These
are relatively simple to build and the design can be modified for each
student to experiment and further the STEM lessons directly related
to the design and construction of the kite.
To lift a more complex camera rig, a more powerful kite or series of
kites will be needed. You could train or gang the 4’ diamonds or
rokkakus or build a larger kite. Scaling kites up is a great way to
teach ratios, proportions, structural dynamics and more. Larger kites
need stronger materials, better construction and attachment methods
and more safety measures on the kite flying field. A great resource to
add to the class room lessons of the kite designing and construction
is Kites in the Classroom by Glenn Davison and others from the
American Kitefliers Association. http://www.aka.kite.org
/data/download/pdf/Manuals/kitc.pdf
Also interesting and helpful is Peter Batchelor’s thesis project at
http://www.aka.org.au/kites_in_the_classroom/index.htm
If you feel overwhelmed by doing it on your own, there are many
kite fliers all over the world who love to share the sport and get more
people involved. Many will come to your class and assist free of
charge. There are others who have made it a career or second income
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and will provide a wide range of educational kite activities for a fee.
When designing kites from a pattern or book, the students will
improve measuring skills,
Although all text is from my memory, that brain got filled from many
sources including: (Pelham, 1976), (Hart, 1967), (Eden, 1989)
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All About Digital Earth Watch—Chapter 4

Getting Digital Images Through the Internet
This chapter has sections on
Landsat -|- MODIS -|- Aerial Photos -|- Digital Maps -|- Websites -|- [top]

Images obtained through the Internet can be analyzed using the
DEW Analyzing Digital Images (ADI) software, Multispec, or other
software or methods appropriate to the investigation and experience
of the learners.
Digital images are available at a variety of scales. Picture post
pictures (described in Chapter 8) taken with a digital camera provide
a close-up view of the local landscape, whereas aerial photographs
and satellite scenes provide ever-broader views all the way to
coverage of the entire globe. Of most interest for DEW activities are
the spatial features within images and how these features change
over time. Information in an image is related to the spatial resolution
and also the repeat cycle for the image. Aerial photographs are taken
occasionally while satellite imagery may have a repeat cycle of one
or several days. Picture Post pictures repeat as often as people take
and share pictures from their post. There are many sources of
imagery available from the Internet, including some sources
supported by DEW. This chapter describes the imagery, its broad
usage, and some high-quality resources for obtaining imagery for
DEW projects.
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Satellite imagery
Satellite images are pictures
with special features. For
decades, specialized
instruments onboard
satellites have been taking
images of Earth remotely. The
Earth science community
uses satellite imagery for
research and monitoring of
conditions on the ground.

Satellites launched by NASA and agencies in other countries take
snapshots of the same areas on Earth repeatedly, thereby providing a
record of change. Imagery of the Earth’s surface is used in a broad
range of applications such as regional and global change models,
monitoring water quality in lakes and the coastal oceans, and for
detecting fires in remote forests or other lands. Dozens of imagery
products are available to the public at costs ranging from no cost for
NASA data to thousands of dollars for the services of private
companies to collect specific images for their customers. Imagery is
collected at different spatial and temporal scales providing a range of
options to support many studies. For DEW, Landsat and Terra /
Aqua are the platforms of choice for no-cost satellite imagery for
studying small to large-scale landscape processes.

[top] -|- Landsat -|- MODIS -|- Aerial Photos -|- Digital Maps -|- Websites

Landsat Imagery—DEW Landsat Click n Pic
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The first Landsat satellite was launched in 1972 as the Earth
Resources Technology Satellite and later renamed Landsat 1. The
launch of Landsat introduced a new era of terrestrial satellite remote
sensing that continues today. Currently, two Landsat satellites are in
operation: Landsat 5 Thematic Mapper (TM) launched in 1984 and
Landsat 7 Enhanced Thematic Mapper Plus (ETM+) launched in
1999. Sensors aboard Landsat record data at different spectral bands
at a pixel size capable of resolving surface characteristics at relatively
high spatial resolution. Data are collected at regular time intervals
that allow for the analysis of vegetation features in both time and
space.

A large archive of Landsat imagery is available from the US
Geological Survey (USGS). Previously, Landsat images carried a cost
of around $650 apiece, but the agency has agreed to make all Landsat
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data available for no charge. The repeat cycle for Landsat is 16 days,
so every location on Earth could potentially have dozens of images.
However, clouds prevent the sensor from seeing through to the
ground and cloudy images are not of high quality for observation or
analysis. Other errors such as missing scans or sensor problems are
not uncommon. Users must browse through the images to find
which ones are good and which ones are not. Full Landsat scenes are
large and can be unwieldy to manipulate. Full scenes are often
unnecessary to get information for a small study area. In addition,
before scenes can be used together to quantify change, a good bit of
pre-processing is necessary by the user to make sure the images line
up exactly and data are consistent across scenes.
For these reasons, the University of New Hampshire's
EOS-WEBSTER data system provides DEW with a set of high quality
Landsat scenes at two time periods roughly 10-years apart; 1990 and
2000, for the entire USA including Alaska and Hawaii (Fig.1). These
images were generated by NASA’s Commercial Remote Sensing
Program, a cooperative agreement with industry that created a
global set of high-quality, relatively cloud-free orthorectified
(geometrically corrected) imagery from Landsat.
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DEW Landsat Clic n Pic Scenes can be obtained through the Landsat
Clic n Pic application that was developed by EOS-WEBSTER for
DEW. Both full Landsat scenes and 15 km subsets can be obtained
from the Clic n Pic application on the DEW website. Users of Clic n
Pic can choose an area by clicking on a map, entering a city and state,
or typing in the latitude and longitude of their location (Fig. 2). The
last two methods of entering a site location are handy for generating
image subsets because the subsetted image that is created will be
centered on the entered location (Fig. 3). Two or more image subsets
will overlay each other correctly and can be directly compared and
analyzed for changes with image processing software.
The Clic n Pic includes all of the information known as metadata that
is needed to properly use the data. Specific information about the
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time and location of when and where the image was obtained are
obvious examples of important metadata. It would not make sense to
combine an image of Massachusetts with one of Alaska. Less
obviously, quantitative analyses of images from the same location
that aren’t co-registered, that is to say, don’t overlay each other
exactly, would not be scientifically valid.

DEW provides free access to Landsat images for studying terrestrial
characteristics such as the extents of forested and non-forested areas
or for comparing the health of vegetation through spectral analysis
using image processing software. By combining spectral bands into
true-color and false-color images, features on the landscape and
significant changes during the 10-years between images can easily be
observed and measured. Changes in the landscape such as new
roads and developments are also easily identifiable using Landsat.
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Images can be used for introductory studies in remote sensing of the
environment, the basics of image processing and spectral analysis,
and for change-over-time.
Despite the difficulties in processing and using other Landsat data,
newer images can be visually compared with Clic n Pic scenes and
features such as forest extent, new roads or development can be
measured in each image and assessed for changes that have taken
place.
Landsat has the following characteristics:
Moderate spatial resolution (nominally 30 m to 60 m for the
thermal band);
Spectral resolution over 7 relatively broad spectral bands in the
visible (blue, green, red) and infrared regions (near-IR, 2
mid-IR bands, thermal-IR) that can be combined to create new
images for identifying and quantifying features of interest;
Moderate coverage area (185 km wide swath); and
Regular coverage (16 day repeat, but constrained by cloud
cover; Clic n Pic has one or more images for the 1990 and 2000
time periods).
Landsat imagery is an excellent resource for small-scale studies, but
is difficult to use for large-scale studies. The file size of individual
scenes is large and specialized expertise in remote sensing and
Geographic Information Systems (GIS) is necessary to carry out the
processing and edge-matching of adjacent scenes for creating a
full-coverage mosaic of a state or region. These issues prohibit many
people from using Landsat data for large-scale studies. For these
studies, the Moderate Resolution Imaging Spectroradiometer
(MODIS) is a more useful resource. MODIS instruments are carried
onboard NASA’s Terra and Aqua spacecraft. Terra was launched in
December 1999 and Aqua in May 2002. NASA’s objective is global
monitoring of terrestrial ecosystems, the atmosphere and the oceans.
In service of this goal, both spacecraft carry the MODIS instrument,
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but Terra crosses the equator at 10:30 AM and Aqua at 1:30 PM,
providing daily to twice-daily coverage over virtually the entire
globe. Aqua is also part of the NASA “Afternoon” or “A-Train”
which is a constellation of satellites that travel one behind the other,
along the same track, as they orbit Earth to monitor water and
atmospheric components related to climate change.

[top] -|- Landsat -|- MODIS -|- Aerial Photos -|- Digital Maps -|- Websites

MODIS Imagery—EOS-WEBSTER
MODIS products can be obtained directly from NASA. The products
are packaged as 10-degree blocks (tiles) that users must stitch
together themselves using a software package. NASA scientists have
created several MODIS products at daily to monthly time scales and
“levels” that range from uncorrected raw observations to special
gridded products generated from complicated processing
algorithms. Due to the variety and scope of MODIS products, it can
be confusing and frustrating for users to know which products to
look for or how to use the products. To simplify access for DEW,
EOS-WEBSTER created a regional mosaic for the conterminous USA
of the MOD09A1 land surface product. This product contains the
reflectance bands that correspond to Landsat bands. Users can create
the same kinds of true-color or false-color images that are typical
Landsat products. Unlike the Clic n Pic, which is a web interface for
finding and downloading Landsat scenes and simple subsets of
scenes, the MOD09A1 product is available through the
EOS-WEBSTER website. DEW has created a step-by-step instruction
sheet on finding and downloading MODIS data from
EOS-WEBSTER. Getting the data directly from EOS-WEBSTER lets
the user take advantage of an advanced subsetting feature in
EOS-WEBSTER that creates subsets based on irregular boundaries
such as any state, or watershed or continent. EOS-WEBSTER has
taken the step of stitching together the 10-degree MODIS tiles into
full regional coverage of the USA for users to cut out their region of
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interest.
The MODIS product is an 8-day composite product, which means
that the best cloud-free scene during 8-day periods during the year is
stored. There is a much higher likelihood that each 8-day scene
contains useable data, which is not the case with daily images.
Another advantage is that EOS-WEBSTER is able to continually
update the MODIS collection as new MODIS data are processed and
made available by NASA. MODIS data are available starting in
February 2002.

EOS-WEBSTER offers two ways to access these images, and the best
method will depend on the type of inquiry the students will be
carrying out. There is a lower resolution true color “browse” product
for the entire conterminous USA. In this product, the appropriate
reflectance bands have already been combined into a single image
which is similar to what we would see with our eyes if we were on
the satellite (Fig. 4). This product can be downloaded easily from
EOS-WEBSTER and used to observe land cover changes across the
country either using image analysis software or simply by creating a
Quicktime movie from a stack of images. Instructions for
downloading the images can be found on the EOS-WEBSTER
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Teacher Resources page under the heading "Satellite Images". The
images show seasonal changes in greenness of vegetation or surface
changes such as snow cover at a regional to continental scale.
The full MODIS images contain reflectance bands that correspond to
Landsat bands. Users can create the same kinds of true-color or
false-color images that are typical of Landsat products. Unlike the
Clic n Pic, which is a web interface for finding and downloading
Landsat scenes and simple subsets of scenes, the MOD09A1 product
is available through the EOS-WEBSTER website. DEW has created a
step-by-step instruction sheet on finding and downloading MODIS
data from EOS-WEBSTER and loading the image bands into the
Multispec image processing software.

Getting the data directly from
EOS-WEBSTER lets the user take
advantage of an advanced
subsetting feature in
EOS-WEBSTER that creates
subsets based on irregular
boundaries such as any state, or
watershed or continent (Fig. 5).

MODIS MOD09A1 surface reflectance product has the following
characteristics:
Relatively coarse spatial resolution (nominally 500 m);
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Spectral resolution similar to Landsat (seven bands in the
visible and infrared);
Wide coverage area (1000 km wide swath); and
Frequent coverage (the MOD09A1 product for DEW is an
8-day composite,
so there are 46 images across the US available for each year;
but the usable number for a region may be fewer depending on
cloud cover).
MODIS was designed for monitoring broad-scale environmental
conditions in the atmosphere, in the oceans, and on the land surface.
Compared to Landsat, the spatial resolution of MODIS is too coarse
to pick out the same kind of local detail, but is very useful for
studying larger scale changes, such as seasonal or year-to-year
differences in vegetation over a large area such as an entire state or a
region. MODIS can be used to follow the timing of green-up in the
spring or change in vegetation color in the fall, and to observe timing
changes throughout the period of record.

[top] -|- Landsat -|- MODIS -|- Aerial Photos -|- Digital Maps -|- Websites

Aerial Photography
Aerial photographs have been used by cartographers for over 100
years to prepare maps, and more recently by planners and
government agencies to monitor the landscape. Aerial photographs
are obtained using special cameras mounted in the nose or underside
of an aircraft that then flies back and forth in patterns or swathes
across the area to be surveyed. Aerial photographs have advantages
over ground-based observations by providing a birds eye view of an
area that can help viewers see connections among land features and
conditions such as the extent of damage from a storm, a clear cutting,
or even whether or not large agricultural fields are in use or fallow.
Some difficulties arise in using aerial photographs because
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3-dimensional objects on the ground may be distorted (known as
radial distortion) and the size of pixels change from the center of
photograph where the camera is pointing directly down to the edges
where the camera captures the features at an increasingly large
angle. Aerial photographs differ from satellite images in that the
spatial resolution of the photograph is determined partially by the
height above the ground at which the photographs were taken,
making it challenging to create a series of pictures that can be
analyzed together as a time-series.
The National Aerial Photography Program (NAPP) coordinated by
the USGS originally to update their togographic maps, acquires and
rectifies aerial photographs nationally on a 5-7 year basis following a
strict set of protocols. These and other national sources of aerial
photographs are available for little or no charge from the USGS.
Individual states may also provide aerial photographs and it is
worth a web search to locate these resources.
A nice and easy-to-use source to check for and view aerial
photographs is Google Earth. To see these images, launch Google
Earth (GE) and zoom into an area of interest. Click on the clock icon
at the top of the GE window to open a slider bar. You can use the
slider bar to view aerial photographs for your area. Although you
cannot download actual images from Google Earth, you can make
screen shots of your area and use the images in DEW projects (Fig.
6).
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Once users are familiar with obtaining and using satellite images,
there are many sources of these data available on the web, such as
NASA and the US Geological Survey (USGS), among others. New
and better sites are added continuously, so a web search will reveal
the latest sites as they come online.

[top] -|- Landsat -|- MODIS -|- Aerial Photos -|- Digital Maps -|- Websites

Digital Maps
There are many sites on the Internet where we find maps or
diagrams depicting various qualities of land, populations,
geographic information, political, social, and scientific illustrations of
data distributions. Such maps and diagrams lend themselves to
analysis using DEW software. Here are a couple of examples, just to
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give the flavor of what's possible.

Measuring Old Growth Forest Loss—is an investigation where you
use digital maps to see how much old growth forest was lost over
the past three centuries in the United States, as shown in the US
maps above. Using AnalyzingDigitalImages software, you can explore
the data as displayed in the map within any individual state or
region.

What Has Been in Your Backyard?—is an investigation
where you use the Pollen Viewer website to see the change
of plant populations for a variety of plant species across
North America. The digital maps at the site show plant
populations over time based on pollen data that has been
collected. By selecting an area nearby your home, you see
what was in your backyard thousands of year ago.
[top] -|- Landsat -|- MODIS -|- Aerial Photos -|- Digital Maps -|- Websites

Summary of Internet image resources
DEW Resources:
Landsat Clic n Pic – http://mvh.sr.unh.edu/Landsat/
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MODIS 8-day browse images for the continental USA, year 2000 – present
http://eos-webster.sr.unh.edu/teachers.jsp
Instructions for Obtaining MODIS reflectance band data from EOS-WEBSTER – [Link
to file?]
EOS-WEBSTER – http://eos-webster.sr.unh.edu

USGS:

Earthshots (this site houses the Mount St. Helens images used in
the DEW activity, Exploring the Spatial and Spectral Information
in a Landsat Image) - http://earthshots.usgs.gov
/tableofcontents
USGS - the USGS hosts several data access sites. For DEW, the
Global Visualization Viewer (GLOVIS) and Earth Explorer are
good sources of satellite imagery and aerial photographs and
can be launched from this web site: http://eros.usgs.gov
/#/Find_Data/Data_Discovery
USGS Earthnow! (this site shows a scrolling image of Landsat
images for the day) - http://earthnow.usgs.gov/

NASA:
NASA Web-Enabled Landsat Data (WELD) http://weld.cr.usgs.gov/
NASA Warehouse Inventory Search Tool (WIST) -
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Software for Simple Image Analysis
New tools for new questions.

Free Image Analysis Software
There are a number of free image analysis programs available for
both Macintosh and Windows computers that make use of digital
images in the science classroom a powerful teaching tool.
We have used three in particular: Digital Earth Watch
software (elementary to intermediate level), ImageJ, and
Multispec (advanced). If considering projects requiring a
number of high-end mathematical/statistical functions with nearly
unlimited analyses options, use ImageJ (http://rsbweb.nih.gov/ij/)
or Multispec (http://cobweb.ecn.purdue.edu/~biehl/MultiSpec
/).These programs are fast, powerful, and designed for sophisticated
scientific research. The learning curve is not trivial, in particular
because terms are more likely to contain jargon, but once mastered,
they are wonderful programs.
The Digital Earth Watch software suite consisting of ColorBasics,
DigitalImageBasics, and AnalyzingDigitalImages
(http://www.globalsystemsscience.org/software) was designed for
educational use. ColorBasics, DigitalImageBasics are introductions to
the fundamentals of digital images in terms of what color is, how it is
displayed on a computer screen, the difference between pigment
color and color of light, what pixels are, what resolution is, and how
invisible wavelengths of light can be displayed as representative
colors. In AnalyzingDigitalImages, measurements can be made and
data can be saved and tracked to see how the data were measured,
allowing users to monitor the quality of their work. This is
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particularly important for when first learning how to collect and
analyze data. The software has supporting guides and help movies
and activities to learn the basics of color and digital images to allow
create explorations of digital images.
Basics features of AnalyzingDigitalImages are summarized in the following diagram.

Fig. 3.1 Diagram of the features of AnalyzingDigitalImages software.

Special features include scaleable length and area tools, provided an
object of known length is visible in the image, which allow objects to
be measured to a calibrated scale. The mask tool combines color
modification and size analysis tools. After one selects a range of
color, the pixels meeting the criteria are turned black, and those
outside the range are turned white. The size tools may be used to
count the black pixels in a selected region, thus providing an efficient
tool to calculate the area of irregular shaped objects. All
measurements are saved to a tab-delimited text file, which all
spreadsheet analysis software can import. This allows numerical
analysis to be completed with tools familiar to most students.
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Fig.3.2. Example of how the image analysis tools in AnalyzingDigitalImages software
allow measurement of a variety of parameters of a leaf.

A good introduction to using Digital Earth Watch software may be
found in the ABCs of Digital Earth Watch Software, in the Global
System Science (GSS) series. It is now available on the GSS website as
html pages at http://www.globalsystemsscience.org
/studentbooks/dew or as PDF at
http://www.lawrencehallofscience.org/gss/licenseaccess/
Also on the GSS software download page
(http://www.globalsystemsscience.org/software/download) you
can find DEW software User Guides, Help Videos, and Image sets.
Whichever software you choose, the program should contain easy to
use tools to measure color of selected areas, measure the size (length
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and area) of objects in the image, and manipulate the layers of color
to see subtle patterns for additional measurements - and the tools
should be integrated to allow a degree of creativity in your analyses
(Figure 3.2).
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Software for Advanced Image Analysis
MultiSpec

MultiSpec is Windows and Macintosh software
originally developed for interactively analyzing
Earth observation multispectral data such as that
produced by Landsat and other Earth observing
satellites. It has been used in other fields also, e.g. multiband medical imagery, K-12 and
university educational activities. It was developed at Purdue University by David
Landgrebe and Larry Biehl from the School of Electrical and Computer Engineering.
The software capabilities include:

Importing Data in a variety of formats, Binary or ASCII format with or without
header.
Displaying multispectral images in black and white, gray scale, or color,
with default or user defined color schemes.
Displaying histogram data.
Reformatting data, e.g. adding headers, editing out spectral channels,
combining files, adding or modifying channel descriptions, mosaicing data sets.
Creating new channels of data from existing spectral channels.
Clustering data for display as thematic maps or analyzing cluster statistics.
Classifying subsets of data in a data file.
Showing a graph of spectral values of a selected pixel.
Showing scatter diagrams of data.
Transferring intermediate of final results as images or as data for use by
other application programs (word processors, spreadsheets, graphics).

Detailed capabilities as well as tutorial exercises can be found at
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https://engineering.purdue.edu/~biehl/MultiSpec/
The DEW partner Forestwatch has a resource page with information about
MultiSpec http://www.forestwatch.sr.unh.edu/online/

Geographic Information System Software
Geographic information system (GIS) software is used for creating
maps, acquiring and displaying geographic data, analyzing mapped
information, and managing geographic information in a database.
Perhaps the earliest example of a geographic information system was
in 1854, when John Snow depicted a cholera outbreak in London
using points to represent the locations of individual cases. This
helped identify the source of the disease, a contaminated water
pump whose handle he disconnected, thus terminating the cholera
outbreak.
In 1960 the Canadian Department of Forestry and Rural
Development created the Canada Geographic Information System
(CGIS) that was used to store, analyze, and manipulate data
collected for the Canada Land Inventory (CLI) in an effort to
determine the land capability for rural Canada by mapping
information about soils, agriculture, recreation, wildlife, waterfowl,
forestry and land use.
GIS has subsequently been used by US Fish and Wildlife Service, the
US Army Corps of Engineers and an increasing number of
government, public and private organizations and companies.
Any characteristic that can be located spatially and/or temporally
can be used in a GIS, recorded as dates/times of occurrence, and x, y,
and z coordinates representing, longitude, latitude, and elevation.
Data for GIS can be captured by
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Scanning and digitizing existing data printed on paper or film
maps.
Entering survey data directly into a GIS from digital data
collection systems on survey instruments. This involves
acquiring positions from a global navigation satellite system
(GNSS) like Global Positioning System (GPS). Field computers
can be used to edit live data using wireless connections.
Importing remote sensing data from cameras, digital scanners
mounted on aircraft and satellites. The majority of digital data
comes from photo interpretation of aerial photographs. Analog
aerial photos are scanned or high quality digital cameras used.
Satellite remote sensing use different sensor packages to
measure the reflectance from parts of the electromagnetic
spectrum or radio waves that were sent out from an active
sensor such as radar.
An excellent listing of GIS software may be found on Wikipedia.
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All About Digital Earth Watch—Part II: Engaging Learners—Chapter 7

Investigations, Activities, and Challenges
OK, so we have all these images from
cameras hand-held or mounted on
satellites, kites, balloons, tripods or
you-name-it. And we have this
software to analyze the images with.
What do we do now?
The supreme goal of Digital Earth
Watch is to get people involved in
doing science, monitoring the local,
regional, or global environment, and
raising awareness of how beautiful
and complex are the systems that our
planet has. This can be by people
devising their own investigations for
pursuit. On the DEW website we give
some examples to show some of the
types of things that can be done with
images and image analysis software.
So what are the differences between the terms Investigations,
Activities, and Challenges? In some ways, distinction is arbitrary or
semantic. In DEW, we use the term Activities as an all-encompassing
term that applies to both Investigations and Challenges so we put both
Investigations and Challenges under Activities in the DEW left
navigation bar. We use the term Challenges for relatively short
activities that easily fit into one class period or less. Investigations are
longer, more complicated activities, or series of challenges that may
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extend beyond one class period.
In the three subsequent sections there are descriptions of larger scale
projects that provide opportunities for student investigations: Picture
Post, Forest Watch, and Global Systems Science (GSS).
The table below summarizes the Challenges and Investigations that
can be found on the DEW website.
__/'\_/'\_/'\__

Challenges (require DEW software)
This Challenge uses ColorBasics:
Three Color Challenge—with
the "Make Colors" function of
ColorBasics software, you
guess what a color is given
only the percent red, green,
and blue that are in that color.
These Challenges require
DigitalImageBasics:
1 Circle from 3 — In a Venn
diagram, 3 circles each of red,
blue, and yellow, you must
change the colors of diagram
so one yellow circle is
displayed on a completely
black background.
A Cat's True Colors — You
must change the colors of a
picture of a cat to find the
cat's true colors.
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These Challenges use AnalyzingDigitalImages:
Disappearing Sea—You analyze the images of
the Aral Sea to calculate the rate at which it is
disappearing.
Do Plants Grow At Night?—Using 4 successive
images of a tray of Wisconsin Fastplanets, you
find out how the rate of growth at night
compares to what is observed during the day.
Leaf Area—Compare the surface areas of three
leaves.
Pine Needle Length—Find the average length of
pine needle from a sample of needles from a
particular tree.
Tree Canopy Density—Calculate the change in
the percent leaf cover of a maple tree as it
greens up in the spring.
Tree Diameter—Compare the diameter at breast
height (DBH) of two trees.
Tree Height—Compare the height of a tree with
the height of a telephone pole.
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__/'\_/'\_/'\__

Investigations
Explore Colors

Digital Images

Dueling Light Beams—Use two overhead
projectors (or slide projectors) and filters to
combine colors of light.
Compare Colors—compare colors produced by
mixing colored light with colors produced by
mixing pigments/paint (uses ColorBasics
software).
Naming Colors—guess what % values of red,
green, and blue make up some common colors,
then make up your own colors and name them
(uses ColorBasics software).
Tri-Color Prediction—(Three Color Challenge):
given % values of red, green, and blue, predict
what color they make (uses ColorBasics
software).
Play with Colors—a fun game that pits your
skill at identifying the red, green, and blue
contributions in randomly generated colors
against a friend or the computer (uses
ColorBasics software).
Make Colors Reference Chart—use data collected
in the Naming Color and Tri-Color
Prediction Investigations to make a r-g-b color
color reference chart .

Test Yourself—test your skill at "Play With
Colors" game: get a quantitative assessment of
your performance at matching 10 randomly

Pixel Count—gradually
increase the number of pixels in
a "mystery" image, increasing
the resolution until you can
make out what the picture is
(uses DigitalImageBasics
software).

The Color of a Pixel—use
DigitalImageBasics software to
look at the red, green, and blue
intensities of a large pixel and
compare that with the average
of intensity values found for
smaller pixels that define the
same region

The Color of the Sky—a look
at color layers in images of
the sky.
Who Are You More Alike?
Use digital photographs to
measure faces to see who you
look more alike.
Near Infrared and You—Use
special digital cameras to see
why some clothes heat up
more than others of the same
color when exposed to
sunlight.

generated colors.

Light

2012-04-10

Plants

page 73

Visually Exploring LEDs
Lighting LEDs
Measure the Angle of Sensitivity of an LED
Measure the Range of Light an LED Detects
Measure Emission, Transmission, Reflection &
Absorption
Measure Warm and Cold Objects with LEDs
Measure the Reflection of Land Covers
These LED explorations were based on the work of
Forrest Mims whose website, http://forrestmims.org/
can give you a richer content on the science behind LEDs.

Adopt a Leaf
Adopt a Branch
Adopt a Landscape
with PicturePosts
What's Been in Your
Backyard
over the Past Centuries?
Where Did Old Growth
Forests Go?
Studying an Urban Wetland

Science and Technology Standards
There are numerous educational standards that Digital Earth Watch can support.
We list here only a few, with the expectation that as the development of Next Generation
Standards in 2012 will trigger a more exacting correlation of DEW with standards.

International Technology and Engineering Educators Association (ITEEA)
Standards for Technological Literacy
1. Students will develop an understanding of the characteristics and scope of
technology.
2. Students will develop an understanding of the core concepts of technology.
3. Students will develop an understanding of the relationships among technologies and
the
connections between technology and other fields of study.
4. Students will develop an understanding of the cultural, social, economic, and
political effects of technology.
5. Students will develop an understanding of the effects of technology on the
environment.
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6. Students will develop an understanding of the role of society in the development and
use of technology.
17. Students will develop an understanding of and be able to select and
use information and communication technologies.
__/'\_/'\_/'\__

National Science Education Standards
GRADES 5-8
Understandings about Scientific Inquiry
Technology used to gather data enhances accuracy and allows
scientists to analyze and quantify results of investigations. (p.
148)
Physical Science -- Transfer of Energy
Light interacts with matter by transmission (including
refraction), absorption, or scattering (including reflection). To
see an object, light from that object— emitted by or scattered
from it—must enter the eye. (p. 155)
Life Sciences
The number of organisms an ecosystem can support depends
on the resources available and abiotic factors, such as quantity
of light and water, range of temperatures,and soil composition.
Given adequate biotic and abiotic resources and no disease or
predators, populations (including humans) increase at rapid
rates. Lack of resources and other factors, such as predation
and climate,limit the growth of populations in specific niches
in the ecosystem. (p. 158)
Earth Sciences
Global patterns of atmospheric movement influence local
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weather. Oceans have a major effect on climate, because water
in the oceans holds a large amount of heat. (p. 160)
Science and Technology
Science and technology are reciprocal. Science helps drive
technology, as it addresses questions that demand more
sophisticated instruments and provides principles for better
instrumentation and technique. Technology is essential to
science, because it provides instruments and techniques that
enable observations of objects and phenomena that are
otherwise unobservable due to factors such as quantity,
distance, location, size, and speed. Technology also provides
tools for investigations, inquiry, and analysis. (p. 166)
__/'\_/'\_/'\__
Science in Personal and Social Perspectives
Causes of environmental degradation
and resource depletion vary from region to region and from
country to country. (p. 168)
Human activities also can induce hazards through resource
acquisition,urban growth,land-use decisions, and waste
disposal. Such activities can accelerate many natural changes.
(p. 168)
Societal challenges often inspire questions for scientific
research, and social priorities often influence research priorities through the availability of funding for research. (p. 169)
Technology influences society through its products and
processes. Technology influences the quality of life and the
ways people act and interact. Technological changes are often
accompanied by social, political, and economic changes that
can be beneficial or detrimental to individuals and to society.
Social needs,attitudes, and values influence the direction of
technological development. (p. 169)
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GRADES 9-12
Physical Science - Interactions of Energy and Matter
Waves, including sound and seismic waves,waves on water,
and light waves, have energy and can transfer energy when
they interact with matter. (p. 180)
Each kind of atom or molecule can gain or lose energy only in
particular discrete amounts and thus can absorb and emit light
only at wavelengths corresponding to these amounts. These
wavelengths can be used to identify the substance. (p. 180-181)
Life Science
Living organisms have the capacity to produce populations of
infinite size, but environments and resources are finite. This
fundamental tension has profound effects on the interactions
between organisms.(p. 186)
Human beings live within the world’s ecosystems.
Increasingly, humans modi- fy ecosystems as a result of
population growth, technology, and consumption. Human
destruction of habitats through direct harvesting, pollution,
atmospheric changes, and other factors is threatening current
global stability, and if not addressed, ecosystems will be
irreversibly affected. (p. 186)
__/'\_/'\_/'\__
Earth Science
Heating of earth’s surface and atmosphere by the sun drives
convection within the atmosphere and oceans, producing
winds and ocean currents. (p. 189)
Global climate is determined by energy transfer from the sun at
and near the earth’s surface. This energy transfer is influenced
by dynamic processes such as cloud cover and the earth’s
rotation, and static conditions such as the position of mountain
ranges and oceans. (p. 189)
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Science and Technology
Science and technology are pursued for different purposes.
Scientific inquiry is driven by the desire to understand the
natural world, and technological design is driven by the need
to meet human needs and solve human problems. Technology,
by its nature, has a more direct effect on society than science
because its purpose is to solve human problems, help humans
adapt, and fulfill human aspirations. (p. 192)
Science in Personal and Social perspectives——Environmental Quality
Natural ecosystems provide an array of basic processes that
affect humans. Those processes include maintenance of the
quality of the atmosphere, generation of soils, control of the
hydrologic cycle, disposal of wastes, and recycling of nutrients.
Humans are changing many of these basic processes, and the
changes may be detrimental to humans. (p. 198)
Materials from human societies affect both physical and
chemical cycles of the earth. (p. 198)
Many factors influence environmental quality. Factors that
students might investigate include population growth, resource
use, population distribution, overconsumption, the capacity of
technology to solve problems, poverty, the role of economic,
political, and religious views , and different ways humans
view the earth. (p. 198)
__/'\_/'\_/'\__

National Council of the Teachers of Mathematics
Math Standards and Expectations
Number and Operations
Understand numbers, ways of representing numbers,
relationships among numbers, and number systems
Grades 6–8 Expectations: students should–
work flexibly with fractions, decimals, and percents to solve problems;
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understand and use ratios and proportions to represent quantitative relationships;
Compute fluently and make reasonable estimates
Grades 6–8 Expectations: students should–
develop, analyze, and explain methods for solving problems involving proportions,
such as scaling and finding equivalent ratios.

Algebra
Understand patterns, relations, and functions
Grades 6–8 Expectations: students should–
represent, analyze, and generalize a variety of patterns with tables, graphs, words, and,
when possible, symbolic rules;
Grades 9–12 Expectations: students should–
interpret representations of functions of two variables
Use mathematical models to represent and understand quantitative relationships
Grades 6–8 Expectations: students should–
model and solve contextualized problems using various representations, such as
graphs, tables, and equations.
Grades 9–12 Expectations: students should–
draw reasonable conclusions about a situation being modeled.
Analyze change in various contexts
Grades 6–8 Expectations: students should–
use graphs to analyze the nature of changes in quantities in linear relationships.
Grades 9–12 Expectations: students should–
approximate and interpret rates of change from graphical and numerical data.

Geometry Standard
Specify locations and describe spatial relationships using coordinate geometry and
other representational systems
Grades 6–8 Expectations: students should–
use coordinate geometry to represent and examine the properties of geometric shapes;
Grades 9–12 Expectations: all students should–
use Cartesian coordinates and other coordinate systems, such as navigational, polar, or
spherical systems, to analyze geometric situations;
Use visualization, spatial reasoning, and geometric modeling to solve problems
Grades 6–8 Expectations: students should–
recognize and apply geometric ideas and relationships in
areas outside the mathematics classroom, such as art, science, and everyday life.
Grades 9–12 Expectations: students should–
use geometric ideas to solve problems in, and gain insights into, other disciplines and
other areas of interest such as art and architecture.

Measurement Standard
Understand measurable attributes of objects and the units, systems, and processes of measurement
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Grades 6–8 Expectations:students should–
understand both metric and customary systems of measurement;
understand relationships among units and convert from one unit to another within the same system;
understand, select, and use units of appropriate size and type to measure angles,
perimeter, area, surface area, and volume.
Grades 9–12 Expectations: students should–
make decisions about units and scales that are appropriate for
problem situations involving measurement
Apply appropriate techniques, tools, and formulas to determine measurements.
Grades 6–8 Expectations: students should–
select and apply techniques and tools to accurately find length, area, volume, and
angle measures to appropriate levels of precision;
develop and use formulas to determine the circumference of circles and the area of triangles,
parallelograms, trapezoids, and circles and develop strategies to find the area of more-complex shapes;
solve problems involving scale factors, using ratio and proportion;
Grades 9–12 Expectations: students should–
analyze precision, accuracy, and approximate error in measurement situations;
apply informal concepts of successive approximation, upper and lower bounds, and
limit in measurement situations;

Data Analysis and Probability
Formulate questions that can be addressed with data and collect, organize, and display relevant data to answer
them
Grades 6–8 Expectations: students should–
formulate questions, design studies, and collect data about a characteristic shared by
two populations or different characteristics within one population;
select, create, and use appropriate graphical representations of data, including
histograms, box plots, and scatterplots.
Grades 9–12 Expectations: students should–
understand histograms, parallel box plots, and scatterplots and use them to display data;
Select and use appropriate statistical methods to analyze data
Grades 6–8 Expectations: students should–
discuss and understand the correspondence between data sets and their graphical representations,
especially histograms, stem-and-leaf plots, box plots, and scatterplots.
Develop and evaluate inferences and predictions that are based on data
Grades 6–8 Expectations: students should–
use observations about differences between two or more samples to make conjectures about
the populations from which the samples were taken;
make conjectures about possible relationships between two characteristics of a sample on
the basis of scatterplots of the data and approximate lines of fit;
use conjectures to formulate new questions and plan new studies to answer them.
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Process Standards
Problem Solving
Instructional programs from prekindergarten through grade 12 should enable all students to—
Build new mathematical knowledge through problem solving
Solve problems that arise in mathematics and in other contexts
Apply and adapt a variety of appropriate strategies to solve problems
Monitor and reflect on the process of mathematical problem solving
Communication
Instructional programs from prekindergarten through grade 12 should enable all students to—
Organize and consolidate their mathematical thinking through communication
Communicate their mathematical thinking coherently and clearly to peers, teachers, and others
Analyze and evaluate the mathematical thinking and strategies of others;
Use the language of mathematics to express mathematical ideas precisely.
Connections
Instructional programs from prekindergarten through grade 12 should enable all students to—
Recognize and use connections among mathematical ideas
Recognize and apply mathematics in contexts outside of mathematics
Representation
Instructional programs from prekindergarten through grade 12 should enable
all students to—
Create and use representations to organize, record, and communicate mathematical ideas
Select, apply, and translate among mathematical representations to solve problems
Use representations to model and interpret physical, social, and mathematical phenomena
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Picture Post
A picture is worth a thousand words – and a Picture Post is worth
thousands of pictures. The Picture Post system is an easy-to-use
and inexpensive tool for students, citizens, and community
organizations to monitor change-over-time in their local
environment and to share selected views of their local community
with other people over the Internet. Contributors join a growing
network of citizens around the world who are helping to create a
data set – literally thousands of pictures – that will be invaluable
for observing, monitoring, analyzing and ultimately
understanding the changing conditions of the environment. The
Picture Post activity also provides a rich set of materials and
opportunities both for formal and informal science learning.

The Post
A Picture Post is simply
an octagon secured
onto a flat surface and
situated so that four of
the faces point in the
cardinal compass
directions (N, S, E, W)
and the other four faces
point in the
intermediate directions
(NE, SE, SW, NW).
Picture Post was created by the Digital Earth Watch project team
working with several local park groups in the Boston, Massachusetts
area that wanted a stable platform for people to use their digital
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cameras to take repeat photographs of not just one scene, but the
complete 360º panorama.
By using the platform, anyone can take a set of photographs of the
complete landscape in less than a minute - and photographs taken at
different times by different people will be aligned with other picture
sets taken at the same location. These capabilities and a free website
for people to save and share their photographs are the basis of our
Picture Post system.
Picture Posts can be built from scratch or
octagonal platforms made from recycled
plastic lumber can be purchased and
attached to a free-standing post or
existing structure. Free-standing Picture
Posts have been installed in parks and
on school grounds. Picture Post
platforms have been attached to interpretive signs at nature centers
and on boardwalks and viewing-platform railings in marshlands and
coastal walkways. There is no limit to where a Picture Post can be
placed – the major considerations are in making sure that the
platform is situated so that the pictures capture the items of interest;
the octagon is positioned using a compass; the post is accessible for
use and maintenance; and that the installers have obtained
permission for the post. It is not critical that the entire 360º landscape
be included, making the railing of your home porch or deck an ideal
location to put in a Picture Post and monitor change in your own
backyard.

There are many
ways to take part in
Picture Post
activities. Anyone
taking a walk
outside who
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happens upon a
Picture Post can
stop and take
photographs and
upload them later to
the Picture Post
website. Persons or
groups may
regularly contribute
photographs to a
post in their local
park or area of
interest. Citizen
scientists or
community groups
may create rough
time-lapse
animations of
picture sets that
show changeover-time.

Using the Analyzing Digital Images software students can use
pictures for scientific inquiries such as “how healthy are the
trees?”; “how much have the plants grown each year?”; or
phenological questions such as “has the timing of leaf out in
the spring or leaf drop in the fall changed over the years?”
The most exciting way to participate is to set up your own
Picture Post – by doing so you can monitor changes that
matter to you most - be it landscape changes in your
community from human activities or the timing of shrubs
flowering in your yard. It is surprising to many people how
quickly a picture set grows and how easily change can be
observed.

2012-04-10

page 84

When setting up a Picture Post monitoring site, the most important
question to ask is “What change do I want to observe and monitor?”.
The answer to this question will help you to locate your Picture Post
(one or more if necessary) and determine how often photographs
should be taken to capture the change. Change takes place over both
short and long time-scales. Pictures taken daily can capture
phenological changes including leaf on, leaf off, first bud and first
flower - or change in the water level of a stream due to rain events or
drought conditions; pictures taken weekly can capture seasonal
change; and pictures taken once a year can capture year-to-year
changes such as annual tree growth or the spread of an invasive
plant in a field.

Using The Post
Using the Picture Post is easy. By
taking pictures with the camera
placed against each face of the
octagon and one more with the
camera looking up, the entire
landscape is quickly captured
with a total of 9 photographs. It is
helpful to also take a picture of
the post or the post signage for
identifying the post later when
uploading pictures to the Picture
Post website. Picture sets can be
taken as often as needed to capture events or change of interest. For
most applications, weekly photographs augmented with daily
photographs during the timing of important events, is a good
standard practice.
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The Website
Sharing photographs over the Internet is a key component of the
Picture Post system. Anyone can go to the website to view and
download Picture Post pictures. You must register to upload pictures
or add a site to the Picture Postnetwork. As the “owner” of a picture
post site, you will be able to keep track of and manage picture sets
that are uploaded to your post. Registered users can also make
comments about any picture. The Digital Earth Watch team
encourages participants to make useful comments, such as naming
species of plants in a picture or commenting on the whether it was a
particularly wet or dry season when the picture was taken, that
could help in analyzing pictures at a later date. Registration is quick
and easy, and participation in Picture Post activities, including
uploading and storing of your pictures, is free of charge.
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Using the Picture Post Photos
Long-term monitoring is essential for researchers to detect and
understand changes in the environment. Citizen networks such as
Picture Post are recognized as essential for assisting researchers and
federal agencies in collecting sufficient data necessary to understand
changes in the environment that are happening now, to predict
future changes and to plan strategies to adapt to climate change. A
Picture Post network made up of students involved in community
service learning, citizens, nature centers, researchers, and
government agencies can work together to offer solutions to pressing
problems associated with climate change. Picture Posts are valuable
for teaching life, Earth, and environmental sciences at many grade
levels and for low-cost environmental monitoring from local to
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global scales. Picture Posts empower the public to observe and
document changes in their local environment that are of the most
interest to them, to understand what they see in the context of global
climate change, and to participate in a social network over the
Internet that fosters sharing and the communication and knowledge
that leads to action. Table 1 lists several uses of Picture Posts for
environmental monitoring.
Table I. Examples of Environmental Monitoring with Picture Posts
Observed in Landscape
Pictures
Plants
1. Species
Type & Size

2. Leaf Cover
Amount & Color

3. Flowers & Fruit
Amount

+ Timing of Events

Value to Environmental
Monitoring

Value to Education

Ground truth/verify

Watch & measure plant growth

analyses of satellite
products used in

Watch seasonal changes in plants

research and operations
Track invasive plants
Monitor plant response
to changes in local,
regional, & global
environmental
conditions; determine
important field sites

and how these change over years
Expand local understandings to
regional, national, and global
conditions
Prepare & extend visits to parks
(visit is a “snapshot” in time)
Monitor nature’s recovery from
natural disasters

Support local to
international phenology
networks

Land Surface
1. Type
2. Erosion

Measure erosion rates

Integrate in geography and geology

Measure snow depth

activities

Measure location of

Relate weather, new development &

glaciers

landscape processes

Monitor flooding

Watch & measure flooding in

response to rain events

response to precipitation

Expand water level

Compare tides at beach & nearby

monitoring network

estuaries

Water Levels

1. Tides
2. River & Streams
3. Lakes, Ponds, & Puddles
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Monitor shoreline changes in lakes
and streams in response to weather
& new development

Sky
Verify cloud analyses

Compare what observed with

Clouds, Sun Location,

using satellite data

satellites and what observed

Sky Color & Visibility

Expand visibility

looking skyward

network

Study seasonal location of sun in
the sky by monitoring shadows

Buildings/Development
1. Houses to Industry
2. Roads

Long-term monitoring of

See how landscapes change due to

landcover, e.g. identify
lawn cover with satellite

human decisions
Monitor recovery from disasters

images

Examples from Concord Academy, Concord, MA
Students, Tripp Clemens and Amara Frumkin (shown in the second
picture of the chapter), and a science teacher, John Pickle, installed
Concord Academy's first Picture Post on November 11, 2007. The
post was located behind the school's chapel overlooking two sports
fields, the Sudbury River and the trees along its banks, and next to a
small maple tree. Since then, pictures have been taken on an almost
daily basis. As the images have accumulated, new ideas for
analyzing the images have developed, and the following are trends
observed using these digital photographs.
Because the post was next to a maple tree, the diameter at the same
height on the trunk of the tree could be measured. The first
questions were when did the tree begin to add wood to the trunk,
whether the tree grew on daily basis, and when did it stop growing.
Below is an example of using the free AnalyzingDigitalImages
software to measure the diameter of the trunk through a circular
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mark just to the right of the center. Another set of questions also
arose as spring developed: when and how did the leaf canopy
develop and whether the canopy growth influenced the timing of the
trunk growth.

Using the line tool in AnalyzingDigitalImages, the diameter of the maple's trunk was measured.
The large and small round scars or marks just to the right of the trunk's center helped to
find the same vertical position to measure each time.
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Example of how the leaf canopy fills in each spring for the maple tree beside the PicturePost.
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Using the mask and rectangle tools in AnalyzingDigitalImages,
the area of the maple's canopy cover was measured.
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The graphs of the tree trunk diameter and canopy cover growth plotted for
the first year growth observed with the Picture Post.

What we discovered is the the tree did not begin to add new wood to
the trunk until 90% of the canopy had filled in. This made sense to
us since the tree needed to first put its stored energy into making the
food producing leaves before adding wood to the tree.
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The graphs of the growth of tree trunk diameter and canopy cover plotted for the first three years observed with the Picture
Post.

It appears this scenario has held for the first three years of
observations: the new wood begins to be added after 90% of the
canopy is filled in. However, we noticed that the canopy was filling
in earlier each year, so new wood was added earlier and continued
to be added until the end of August. This means the tree is growing
for a longer period of time each year. When the pictures were
examined to see when the first leaf was observed each year, we
confirmed that the tree's "green up" was occurring earlier each year
to date.
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Year

Date of First Leaf

2008

May 12

2009

May 10

2010

May 2

2011

May 1
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The fall foliage colors appeared to be particularly drab in 2011, but
we wanted to check our recollection with the past years. Below are
true color and enhanced images of fall foliage on October 12 for four
successive years. The enhanced images are based on a mathematical
comparison of the red and green intensities at each pixel in the
image. If the intensity of red were greater than the intensity of green,
the pixel would be shown in red but with an intensity set to the
difference between the two colors. To minimize the effects of uneven
illumination and clouds, the values were normalized by the sum of
the two intensities. To read more about these color enhancements,
see the DEW Investigation Adopt-A-Branch.
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Using the two sets of images, it appears 2009 had the dullest foliage,
followed by 2011. The most intense reds and oranges (colors in
which the amount of reflected red light will be much greater than the
reflected green) occurred during 2010.

Resources
Picture Post website: http://picturepost.unh.edu
For more information on using Picture Post to monitor plant phenology, please visit the
Project Budburst site: http://www.windows.ucar.edu/citizen_science/budburst/
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All About Digital Earth Watch—Part II: Engaging Learners—Chapter 9

Global Systems Science
integrative teaching about scientific
concepts
Global Systems Science (GSS) is part of the Digital Earth
Watch team and serves as a prime example of how DEW
tools and techniques can be applied in formal education
curricula. GSS is an integrated, interdisciplinary course with
a target audience encompassing the entire range of high school
students from grades nine through twelve. It emphasizes how
scientists from a wide variety of fields work together to understand
significant problems of global impact. GSS stresses the “big ideas” of
science, such as the concept of an interacting system, the coevolution
of the atmosphere and life, the goal of a sustainable world, and the
important role that individuals play in both impacting and
protecting our vulnerable global environment.
GSS was developed by a collaborative team of teachers, scientists,
and curriculum developers, so that it reflects both the cutting edge of
modern interdisciplinary science, and the practical realities of the
classroom. GSS materials, including books and software, may be
used for a one-year integrated science course; or parts may be
incorporated into existing high school biology, physics, chemistry,
Earth science, environmental science, or social studies courses.
Global Systems Science involves students in learning actively. They
participate in investigations and perform experiments in the
classroom and at home. They read and discuss background
materials. In certain chapters, they “meet” a selection of scientists,
both men and women, from a variety of ethnic and educational
backgrounds. Students work together to dramatize their ideas for

2012-04-10

page 97

working toward solutions to worldwide environmental problems.
They are challenged to make intelligent, informed decisions and to
take personal actions, such as conserving energy, recycling, and
preparing for their role as voting citizens in a modern industrialized
society.

The GSS Student Books
GSS instructional materials consist of a Teacher’s Guide, twelve
Student Books, Hands-On Universe software, and Digital Earth
Watch software. Each Student Book focuses on a different aspect of
global environmental change and contains laboratory experiments,
home investigations, descriptions of recent scientific work, historical
background, and consideration of the economic, political, and ethical
issues associated with each problem area. Collectively, they
constitute a unique combination of studies in the natural and social
sciences through which high school students may view the global
environmental issues that they will confront within their lifetimes.
The twelve Student Books a can be presented in any order except for
the first book, A New World View, which introduces the GSS
approach to the study of our planet. Each book is briefly described
on the following pages.

A New World View
introduces all of the other books in the Global Systems Science series, and presents four key
ideas that thread through the entire course: First, the Earth has tremendously diverse
environments, yet it is a single planet that we all call “home.” Second, we can better
understand the Earth if we think of it in terms of systems. Third, everything is connected to
everything else. And fourth, the goal of global studies is to find out what we can do to
sustain life on Planet Earth—now and in the generations to come. To learn about the value
of laboratory work for investigating Earth systems, students design and conduct controlled
experiments to determine how to sustain life inside a terrarium. They also begin using the
Digital Earth Watch software in two investigations:
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1. "Measuring Old Growth Forest Loss"
entails students using ForestAnalysis
software to measure loss of old growth
forest in the United States.
2. "Satellite Views of Rondonia, Brazil"
requires that students use
AnalyzingDigitalImages software to
analyze surface features in satellite
images of Earth, and in particular,
analyze changes in an Amazon rain
forest.

ABCs of Digital Earth Watch Software
although not an exhaustive work
incorporating all features of DEW software,
this book is a great introduction for
students to get started in the use of digital
image analysis software. Students use the
software "ColorBasics" to explore the basics of
light and color, how color can be analyzed as
combinations of three primary colors. They
use "DigitalImageBasics" software to learn the
fundamentals of digital images: pixels,
measuring length and area. The most
advanced software is
"AnalyzingDigitalImages" that has tools for
students to measure light, color and to finally
analyze satellite images in terms of both color
and temporal changes.

The next three books in the GSS series are
concerned with key environmental problems
which affect the entire planet—climate
change, depletion of the world’s ozone layer, and loss of biological species. These issues are
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included in the GSS curriculum because they are clearly global in nature, each represents a
potential threat to life and prosperity on planet Earth, and each illuminates important
aspects of the interaction between human activities and Earth systems.

Climate Change
addresses the once controversial question of
how human activities may be changing
Earth’s climate. It takes students on a “field
trip” to Mauna Loa Observatory where they
see how scientists have measured carbon
dioxide in the Earth’s atmosphere since 1957.
They graph and interpret data from Mauna
Loa and other observatories which led to the
prediction, in 1988, that atmospheric changes
will cause the entire globe to gradually warm
up.
Students also measure carbon dioxide in the
laboratory to find out how much is contained
in various samples: classroom air, human
breath, pure CO2, and car exhaust.
The book goes on to show how some scientists challenged the discoveries at Mauna Loa the
early 1990’s, and the consensus of opinion about global climate change that finally emerged.
The book identifies scientific questions that remain unanswered, and involves students in
thinking about the economic, political, and ethical implications of regulating human
activities to reduce the likelihood of global climate change.
In the context of this book, students may use DEW software with data sources such as
MyNASAdata, climate.nasa.gov, and EOS-Webster.

Ozone
is a success story about how people around the globe are cooperating to solve a serious
environmental problem. Ozone gas in the upper atmosphere shields our planet from
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ultraviolet sunlight that is thought to cause
skin cancer and cataracts in humans, and
may be harmful to a wide variety of plants
and animals. The story of how the scientific
world came recognize the depletion of
ozone and discovered the connection with
production of certain chemicals used in
refrigerators, air conditioners, and the
computer industry demonstrates that
science can be an exciting and
adventuresome field, and that people in a
wide variety of careers often play important
roles in scientific discoveries.
The fascinating epilogue, in which more
than 100 countries agreed to phase out the
ozone-destroying chemicals, clearly shows
the connection between science and social
action. Since ozone will continue to be depleted for several decades due to chemicals
already in the atmosphere, students learn how to protect themselves by monitoring the
levels of UV radiation in their community, and experimenting with Sun block to see if it
really offers protection from the ultraviolet rays of the Sun.
There is an investigation "The Effect of Increased UV on Plants" which
lends itself well to the use of DEW software in analysis of plant health by color analysis.
In the investigation "Ozone Monitoring," data from ozone-monitoring satellites are used,
and a great enhancement of the investigation is to get such data from the source, as well as
ozone maps, and do analyses with AnalyzingDigitalImages software.

Losing Biodiversity
is about the endangerment and extinction of entire species of plants and animals throughout
the world due to human actions, beginning with the case study of the buffalo.
Students learn about the value of biodiversity, from the discovery of new medicines and
materials, to the protection of food crops and global systems. Students put into perspective
the current loss of biodiversity through laboratory work on how species can adapt to
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changing conditions, theories about how
new species evolve, and studies concerning
the natural causes of extinctions. Further
laboratory work illustrates the vital
importance and fragility of soil in
supporting entire communities of plants
and animals; and how soil productivity is
impacted by certain agricultural practices.
Finally, students consider the history of
actions that people around the world have
taken to protect endangered species, up to
current debates in Congress, and
international agreements to preserve
biodiversity.
Digital Earth Watch is relevant to this
subject area in the realm of loss of
biodiversity of plant life. The essential theme of DEW as measuring vegetation health is
intrinsically valuable in studies of loss of plant biodiversity.

Some of the student books put global environmental problems into context by focusing on
the natural systems within which human activities occur. Such understanding is essential if
we are to grapple with key global problems, and eventually find ways for humans to
prosper and thrive without diminishing the rich diversity of life on Planet Earth.

Life and Climate
is about how our atmosphere and climate came to be as they are today, how life on Earth
evolved, and how the evolution of life and climate have affected each other since the Earth
was formed. Students find the story of how tiny plants brought oxygen to the Earth’s
atmosphere and how changing climates may have brought about the evolution of our
human ancestors in Africa five million years ago. They construct timelines and place
milestones in the development of life. They learn about the gradual acceptance of tectonic
plate theory, and how the movement of tectonic plates is affect climate changes that in turn
affect the evolution of life. In the laboratory, students experiment with dissolving rocks to
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explore the long term carbon cycle which
has contributed to the long term stability of
the Earth’s climate. In the final chapter,
they consider what the Earth’s past can tell
us about its future.
Particularly relevant to this book is the
DEW investigation What's Been in Your
Backyard over the Past Centuries?

Ecosystem Change
is about the interdependence of all living
things and the nonliving environment. It is
also about how human activities are
changing ecosystems around the world.
Through case studies students learn about
the vastly different kinds of ecosystems, or
biomes, on our planet. They discover that
humans have been changing ecosystems for
thousands of years; but that the pace of
change has increased with the rapid growth
of human populations in the last century. In
the laboratory, students investigate the
variables that are important in the process
of decomposition, and relate their findings
to the biogeochemical cycles that maintain
Earth’s biosphere.
Through interviews, they “meet” scientists
like Samira Omar of Kuwait, studying the
ecological effects of the Gulf War; and Dr.
Dagmar Werner, working to preserve the
biodiversity of the rain forests of Central America. They will also find out what people in
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the United States are doing to reduce human impact on ecosystems, and consider ways that
their own actions can make a difference.
Biome maps are great for analysis with AnalyzingDigitalImages sofware.

Energy Flow
is about the way energy flows through the
atmosphere, oceans, land, and living
things. Analyzing the flow of energy is a
very useful way to understand Earth
systems. For example, through laboratory
investigations, students explore the process
of convection, and see how to use this
process to understand earthquakes and
volcanoes, global winds, and ocean
currents. In other lab activities they
experiment with the variables that affect
water flowing through a bottle, and then
apply their insights about dynamic
equilibrium to understanding how the
greenhouse effect is expected to change the
Earth’s climate. In the last chapter your
students learn about how some of the
energy that flows through living systems has been stored, over millions of years, in the form
of fossil fuels; and how all that stored energy is being released to power civilization for only
a few short decades. With this background, your students are asked to think about how the
flow of energy through Earth systems affects their daily lives, and how life might be
different for their children and grandchildren.
AnalyzingDigitalImages software can be very useful in studies pertinent to this book, with
satellite images of ocean properties, weather, cloud cover, ice cover, and of course
vegetation. In the chapter on volcanoes, there is opportunity to do analyses of vegetation
changes associated with the eruption of Mt St. Helens.

GSS is concerned not only with identifying problems, but arriving at solutions. Two aspects
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of our modern age stand out as possibly the most important underlying causes of global
environmental change—the rapidly growing human population, and the ways in which
people use natural resources for energy. Yet within both areas there is reason to hope that
intelligent decisions by individuals can reduce the impact of these problems and lead to a
habitable world for future generations.

Energy Use
begins by inviting students to take an
inventory of the ways that they use
electricity. By “following the wires” back to
a power plant, and from there to a grid of
all power plants in the country, students
begin to grasp the vast infrastructure that
supports our way of life. Through
laboratory experiments they learn the basic
principles on which electrical devices work;
and through a brief history, they learn how
our national energy policy came to be. They
also learn about the huge amounts of Earth
materials that are used for transportation,
home heating, and industry on a daily basis,
and the small fraction of that energy that is
actually put to use. In the last portion of the
unit, students conduct simple experiments
in which they discover that conservation will allow us to maintain our current levels of
energy usage while saving billions of dollars and reducing our impact on the environment.
They also explore new technologies for satisfying the energy needs of a growing human
population while keeping the impact of energy use to a minimum.
This book is rich with opportunities for digital image analysis, from maps of solar
illumination for suitability of solar energy use to maps of fossil fuel resources.

Population Growth
addresses a fundamental problem: even if we can change our habits to use only clean and
efficient sources of energy such as solar, wind, and water power, global environmental
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problems will continue to worsen if the
world’s population continues to grow at the
present rate. Today (2009) there are nearly 7
billion people on Earth, and the population
increases by about one million every four
days. Yet it is difficult for students to see
the effects of population growth. They are
therefore asked to think about the quality of
their own lives as a starting point, and to
recognize how satisfying their needs takes a
share of the Earth’s resources. By
comparing their own lives with conditions
in countries such as China and India, they
will be in a better position to consider what
may happen if the human population
continues to grow as rapidly as it is today.
Through mathematical investigations,
students learn about factors that contribute
to the rate of population growth, and the idea of carrying capacity, which relates an
ecosystem to the populations it can sustain. The cultural and religious dimensions of efforts
to curb population growth are sensitively discussed, and students are encouraged to form
their own opinions about what can and should be done by individuals and by governments
to control the growth of the global human population.
To round out the series, and make the GSS course suitable as an Earth Science sequence, the
subject of astronomy is central to two of the books.

A Changing Cosmos
is the best of material derived from the Hands-On Universe (HOU) project and builds on
Solar System Science with more advanced use of Image Processing Software in a series of
investigations:
Finding Features—a Browser's Guide to the Universe;
Measuring Size—using "pixel plate scale" of telescope images to measure sizes of things such
as a lunar crater or orbits of Jupiter's moons;
Measuring Color—colors of stars, the HR diagram, and how stars evolve according to their
mass;
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Measuring Distance
—how the cosmological distance ladder is
used to determine the distance to far away
objects, including how Cepheid Variable stars
are used to measure distances to galaxies;
Measuring Brightness—photometry; and
Searching for Supernovae—how astronomers
find supernovae—exploding stars.
This book stays within the overall GSS theme
by dealing with the question of cosmic
catastrophes that can affect Earth and
especially the danger of asteroid impact and
its effects on life.
GSS embraces the technology developed for
Digital Earth Watch, and puts it to work in a
carefully developed curriculum first through
guided investigations illuminating key societal problems we are facing, and then ideally,
students are in a position to design their own investigations using DEW tools to explore
new questions that they arrive at themselves.

Solar System Science
(formerly Hands-On Solar System) lets students load images from professional telescopes
into image processing software developed for use in the classroom, and learn key concepts
in astronomy, mathematics, and technology. Solar System Science blends content learning
with critical thinking skills and processes such as data interpretation, measurement
techniques, and using appropriate tools for exploration.
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All About Digital Earth Watch—Part II: Engaging Learners—Chapter 10

Forest Watch
15 years of school-university partnership

Forest Watch
(http://www.forestwatch.sr.unh.edu) is a
project in which data on tree characteristics are
collected by teachers and students in grades
K-12 as an integral and important component of
research on forest ecosystems in New England.
Each participating classroom is given study
plot. Currently under study are White Pine and
Sugar Maple. The project originated in 1986,
when Concord High School science teacher Phil
Barry Rock, co-founder of Forest Watch,
Browne appealed to NASA scientists to help his
does field work with two students.
students regain their trust in science and in
NASA. UNH scientist Barry Rock, answered Browned and together, they brainstormed
Forest Watch. The project conducts teacher training workshops for teachers joining Forest
Watch.
The stated educational objectives of Forest Watch are to:
Engage K-12 students in authentic science.
Engage students in using 21st century scientific and technological tools.
Enhance students’ critical thinking about science.
Develop students’ data analysis and communication skills.
Encourage team-work and inquiry-based learning.
Meet state and national standards in science, technology and mathematics.
Build students’ interest in and aptitudes for science, technology and mathematics.

The science objectives are to:
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Assess white pine health at both the
local and regional level.
Correlate student biometric
measurements with spectral
measurements of needles.
Compare biometric and spectral
measurements with tropospheric
ozone data.
Document the use of white pine as a bio-indicator of the health of New England
forests.
Develop a long-term database.
Assess white pine health using a site index.

In White Pine (Pinus strobus)
Research, the Forest Watch
program has studied the effects
of ground-level ozone on the
health of New England’s
forests since 1991. The Forest
Watch chart of ground-level
ozone concentrations shows
that when needles were
The Forest Watch chart of ground-level ozone concentrations shows an inverse
unhealthy in the 1990s, ozone
relationship with white pine health. When needles were
levels were high. When ozone
unhealthy in the 1990s, ozone levels were high.
levels began to drop, white
When ozone levels began to drop, white pine health soared.
Research by scientists and students has helped to improve
pine health soared. White pine
air quality standards set by the Environmental Protection Agency.
is a bio-indicator tree, being
sensitive to air pollution and ground-level ozone exposure. Many
other species of trees in the New England forest are able to close their
stomates against ozone when levels climb, but while White Pine may
close stomates at very high levels of ozone, they maintain open
stomates at levels of 60 to 80 ppbv. Forest Watch has confirmed the
connection between ozone levels and white pine health. Over the
past two decades, in all but a few drought years, white pine health
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has declined when ozone levels were high. White pine health has
improved when ozone levels dropped.
Maple Watch grew out of a 2008 a master's degree thesis study of
thirty trees near the Bearcamp Valley, New Hampshire, that found
water stress in 100% of trees; reduced chlorophyll content in 60%;
early abscission of leaves in 80%; reduced growing season in 70%;
and poor fall foliage color in 80%. Maple Watch continued in 2009
and 2010 and had least two schools piloting the program in 2011.
Maple Watch aims at addressing projections by the U.S. Forest
Service that climate change--warming temperatures--over the next
century may eradicate most of the sugar maples in the United States.
This study involves five components:
Historical records and climate change measures
Anatomical measures of maple health
Spectral measures and remote sensing
Chemical measures of maple health
Outreach partnership with citizen scientists
As an example, analysis of leaves from sugar maples in a classroom
plot on Bald Mountain in Campton, NH, showed damage of a smog
event which occurred on May 26, 2010. Forest Watch research
concluded this was caused by peroxyacetyl nitrate, a powerful
oxidant.
Forest Watch data all the way back to 1993 are posted on the Internet
- http://www.forestwatch.sr.unh.edu/data.shtml

Forest Watch also uses satellite imagery from remote sensing instruments that capture light
reflected from Earth three bands of visible light (blue, green and red that our eyes can see)
as infrared light (in Band 4), near infrared (in Band 5), and very long wavelengths in Bands
6 and 7. Forest Watch uses Multispec software to mix and match any of the 7 Landsat bands
of information. Each different combination allows us to see different Earth features more
clearly.
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To illustrate how various
wavelength bands can be
displayed as 3-color visible light
images, below are three views of
Mt. Washington, the tallest
mountain in New Hampshire.
Forest Watch schools in North
Conway and Bartlett lie just
south of the mountain.
Each view is different. Each
gives us different information
about the mountain, the forests,
lakes and towns around Mt.
Washington. What can you see?

The red image is a 4,3,2 selection.
Band 4 (near infrared) displayed as
red; Band 3 (red light — absorbed by
trees) displayed as green; Band 2
(green — reflected by plants) displayed
in blue. This combination often tells
us about the difference between the
near infrared high reflectance and the
deep absorbance of light in the red
band, an indication of lots of
chlorophyll in forest tree tops.
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A spectral curve shows the location of each Thematic Mapper Landsat
Image band, 1, 2, 3, 4, 5 and 7. Each band and comparisons of bands give
scientists information about the health of plants as well as the identity of
other features on Earth. The same light which a satellite sees reflected from
Earth is what we see in the laboratory reflected from leaves or needles.
This image shows the spectral curve of light reflected from
some Forest Watch white pine needles.

The green image is a 5,4,3 selection.
Band 5 (mid-infrared) displayed as red;
Band 4 (near infrared) displayed as
green; Band 3 (red) displayed as blue.
Which of the three bands do you think
is more reflective? Did you guess
“Green!” This combination allows us
to compare water in plants. Can you
decipher where the conifers are and
where the deciduous or mixed forests
are?
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The blue image is a 2,5,4 selection.
Green light reflected from forest
canopies, captured as Band 2 by
Landsat, is displayed in red!
Mid-infrared light is shown in green.
And near infrared is shown in blue.
Again, which band is most reflective?
Healthy plants generally reflect 60 to
80% of all the near infrared light which
falls on them. Which are more reflective
—deciduous trees or conifer trees?
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Concept Mapping and Visual Learning
Jeffrey S. Beaudry, PhD
University of Southern Maine
Polly Wilson
Deering High School
Portland, Maine

Introduction
From 2005 to 2009 we were involved in the Digital Earth Watch
(DEW) grant (formerly Measuring Vegetation Health) with the
purpose to create and integrate visual data and visualization tools
into formal and informal science education. The initial technological
tools in DEW included remote sensing satellite imagery, interactive
image analysis software, new lesson plans and exhibits. A DEW
website was constructed with links to all these data collection and a
variety of interactive visualization tools. As we designed, developed
and implemented these technological tools for visualization of data,
we explored concept mapping and visual learning tools to support
meaningful student learning (Ausubel, 1978) and formative
assessment (Beaudry and Wilson, 2010). In this paper we maintain
that the impact of technological tools can be best realized when
teachers organize teaching, learning and assessment around “sound
principles of knowledge construction” and a focus on meaning
making (Mintzes, Wandersee, and Novak, 2005, p. 349).
Science literacy is used as an overarching theme for this paper. In
Science for All Americans (AAAS 1989) “a scientifically literate
person” is described “as one who is aware that science, mathematics,
and technology are interdependent human enterprises with
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strengths and limitations; understands key concepts and principles
of science; is familiar with the natural world and recognizes both its
diversity and unity; and uses scientific knowledge and scientific
ways of thinking for individual and social purposes” (p.4).
Acquisition of scientific literacy in K-12 classrooms relies on
traditional literacy, reading, writing, speaking and listening, as well
as additional literacy modes, visual literacy and visual
representation, and technological literacy. In this paper we focus on
the combination of visual and technological literacy.
The premise of our work is that students should be actively engaged
in the construction of complex, challenging knowledge,
incorporating collaborative learning and concept mapping on a
regular basis as they use relevant technological tools. Despite the
growing evidence that concept mapping and visual learning are
effective strategies for learning (Hattie, 2009; Nesbit and Adesope,
2006), concept mapping and visual learning strategies still do not
permeate classroom practice as they could (Mintzes, Wandersee, and
Novak, 2005; Kinchin, 2006; Beaudry and Wilson, 2010). The
concluding remarks from a related field by the National Research
Council in Learning to Think Spatially echo this observation:
Spatial thinking is not an add-on but a missing link across the
curriculum. Thus, integration and infusion of spatial thinking can
help to achieve existing curricular objectives. The idea of spatial
thinking does not and should not stand alone, but equally well,
without explicit attention to it, we cannot meet our responsibility for
equipping the next generation of students for life and work in the
twenty-first century (p. 241).
In this paper we discuss how multiple models of literacy contribute
to high quality teaching, learning, and assessment in science for all
students with examples of lessons using DEW technologies and
tools. In particular we discuss 1) the models of literacy which
includes visual literacy and visual representation (Sinatra, 1986;
Novak, 1998; Trowbridge and Wandersee, 2005), 2) digital
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technological literacies (National Standards for Technology
Education, 2010; Lankshear and Knobel, 2010), 3) and visual learning
supported by technological tools as described in Learning to Think
Spatially (National Research Council, 2006), and 4) the visual schema
of science literacy as published in the American Association for the
Advancement of Science (AAAS), Atlas of Science Literacy (2011).
How do concept mapping and visual learning fit in the context of
new literacy models of science (viewing, reading, speaking, and
writing, as well as visual representation and technological literacy)?
Specific classroom applications of the new literacy model in science
help us focus on the questions:
1. What does the new literacy in science look like in the classroom?
2. What new evidence does the new literacy in science provide of student learning?
We provide descriptions of the classroom activities of learners that
link together with the pedagogical questions of the instructor in this
collaborative learning environment.
Literature Review
Digital Earth Watch – Using Light and Color to Monitor the
Environment. Previous chapters in this book have described the
purpose for the grant, Measuring Vegetation Health
(http://mvh.sr.un.edu). The purpose of DEW was to develop and
field test technological tools and resources using light and color to
investigate the health of plants and trees, and to promote spatial
learning. Teachers and students were shown digital repositories of
remote sensing (aerial and satellite) imagery and how digital
cameras could be used in combination with image analysis software
for authentic, scientifically valid investigations. Digital images were
analyzed using new, open-source image analysis software designed
and improved by this grant, including Color Basics, Image Basics,
and Advanced Digital Image (ADI) analysis software packages.
There are three lessons described in this paper: 1) a 3-week
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investigation of inter-tidal zones in marine ecology, 2) a 1-week
investigation of DNA, and 3) a 3-week investigation of
phytoplankton. In each of these investigations students the concept
mapping and visualization tools are used to support inquiry.
Integrative Definition of Literacy: Reading, Writing, Listening,
Speaking, Visualizing, Visual Representation, and Technological.
Multiple literacy perspectives helped to inform our use of science
tools and resources for inquiry. Tools like concept mapping, digital
photography, and image analysis integrate visual and spatial literacy.
Spatial thinking has a clear connection with the expanded literacy
framework (See Figure 1) elaborated by Sinatra (1986) in which
learners’ understand how to plan, produce and evaluate visual
representations.
According to the National Academy of Sciences (2006) “Spatially
literate students who have developed appropriate levels of spatial
knowledge and skills in spatial ways of thinking and acting together
with sets of spatial capabilities, have the following characteristics:
1. They have the habit of mind of thinking spatially
2. They practice spatial thinking in an informed way
3. They adopt a critical stance to spatial thinking – they can
evaluate the quality of spatial data and can evaluate the
validity of arguments based on spatial information. (p. 4)
Traditional forms of literacy include reading, writing, speaking, and
listening, and Sinatra (1986) suggested expanding the model to
include viewing (observing and experiencing), visual representation,
and media technology (See Figure 1). Sinatra (1986) presented a
model of literacy development that included four interactive phases:
phase 1 - visual literacy, phase 2 - oral literacy, phase 3 - written
literacy, and phase 4 – visual representation and communication.
Technological literacy is a rapidly evolving mode of learning
involving interaction with computer hardware, software, and new
information technologies, and is represented now by the National
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Standards for Technology Education (2011).
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Part III: Evaluation
All About Digital Earth Watch—Part III: Evaluation—Chapter 12

Formative Evaluation of Adult Learning
Formative Evaluation of Working Groups for Adult Learning:
Summary of the Working Groups for Measuring Vegetation Health
NASA REASoN Grant
By Jeffrey S. Beaudry, Ph.D.
Program Evaluator
University of Southern Maine
Lesley Kennedy
Lead Educator
Museum of Science-Boston
Mavourneen Thompson
Portland, Maine
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I. Introduction
Program evaluation of the Measuring Vegetation Health, renamed
Digital Earth Watch (DEW), incorporated both formative and
summative evaluation components. The overall program evaluation
will be discussed in the chapter, DEW Program Evaluation, but
formative evaluation is discussed in this chapter as a separate topic.
Summative evaluation aimed to answer overall questions of the
quality of DEW products, effects of working groups and workshops,
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and to inform decisions about program continuation. Summative
evaluation occurred at the end of each year, and was especially
important at the end of the entire five-year grant cycle. Summative
evaluation questions focused on the overall success of the program,
across all of the DEW partners. Formative evaluation aimed at more
immediate improvement of processes and products during
development. Interview, observation and survey data was collected
and used for immediate feedback and improvement of DEW
program components.
Formative evaluation focuses on specific processes, activities and/or
products with the goal of improvement. “Formative evaluation
provides evidence about how to improve a program as it is
developing” (Beaudry and Miller, in press, p. 199). In this paper we
describe how to use formative evaluation to improve the working
groups overall, with specific goals to improve individual learning
stations, image analysis software, and the DEW website. Details will
be provided about the use of reflective writing and feedback in the
specific context of informal science education working groups with
science teachers and informal science educators as the target
audiences.
Our overarching question was “How do we create learning
experiences that help educators grasp these ideas through inquiry,
and with respect to what they are required to teach?” (Kennedy and
Beaudry, 2006)

Top -|- Intro -|- Design -|- Adult Learner -|- Results -|- Recommendations

II. DEW Working Group Design:
Program, Partners and Professional Development Context
The primary evaluation goal for the second year of DEW grant was
to provide formative evaluation to the complete cycle of five
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working groups. Our definition of a working group is as follows:
“A deliberate professional development format based on
models of prototyping/field-testing and designed to explore
learning experiences with educators before developing final
products and workshops.
Intended to collect data on how the tools work, how adult
learners make meaning of them and how teachers think about
these tools in relation to their own classrooms” (Kennedy and
Beaudry, 2006).
From April 2005 to June, 2006 each of the DEW Partners hosted and
participated in a working group. The resulting series of working
groups had the common purpose, to field test, use, and improve
these DEW products and processes with formal and informal science
educators.
While the first year of the DEW activities could be described as one
of activation and engagement of DEW partners in the DEW concepts,
the second year has been one of consolidation of DEW concepts. In
the third and fourth years DEW goals and activities will concentrate
on further refinement of tools and resources and dissemination of
materials, tools, and resources into formal classroom and informal
science settings.
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Figure 1: DEW Partners for Working Groups
During the cycle a total of 75 participants attended these working
groups, approximately sixty middle school and high school teachers,
as well as fifteen informal educators from museums, and informal
science organizations. In each working group invited participants
and DEW experts and staff engaged as instructors, facilitators and
collaborators in activities as adult learners and as professional
educators, alternately presenting, listening, reflecting, writing,
designing, and questioning. At the end of the cycle, Lesley Kennedy,
the DEW educator most responsible for the design of the working
groups, captured the collaborative exchange with the question,
“Who is teaching whom?” The working groups were intended to
engage the invited participants with DEW staff to field test tools and
resources with participants, and to maximize opportunities for
feedback. Participants’ feedback was incorporated into
improvements in DEW tools like image analysis software, processes
like the learning stations, and products like participants’ personal
investigations.

2012-04-10

page 120

By June, 2006, all DEW
partners had presented
DEW tools and processes in
a working group or
workshop environment.
Three out of the five
working groups (UNH,
ISU, and USM) were
designed to be small, at
most 10 participants, and 3
days in duration. (See Table
1 The working group at the
Museum of Science
consisted of middle and
Figure 1: Working group participants engaged as learners
high school teachers who
met for a half-day over the
span of four months. All of the working groups focused on opportunities for DEW partners
to maximize feedback from formal and informal educators about DEW tools and processes.
The working group participants at LHS were predominantly informal educators. Many of
the participants were only available for a day, but wanted to participate. The first day of the
LHS working group had the largest attendance, 27 attendees, but the group was down to
eight by the third day. A total of 65 participants attended the working groups, with a blend
of middle school and high school, and formal and informal educators in the audience.
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Table 1: DEW Working Groups – Summary of Participants
As planned, an even proportion of middle and high school teachers
attended the working groups, but approximately 75% of the
participants were female. The UNH working group was filled with
teachers already familiar with the Forest Watch program
(http://www.forestwatch.sr.unh.edu/). The ISU working group
included a wide range of teacher background with GIS and remote
sensing, with one teacher very familiar with applications of
Multi-spec Image Processing. At Lawrence Hall of Science (LHS) the
largest contingent of informal educators attended the working
group. Many of the informal educators had advanced science
degrees, and worked in a variety of informal science settings,
museums and science centers. A general audience of middle and
high school science teachers attended the working groups at the
Museum of Science, Boston. A mix of middle and high school
teachers attended the University of Southern Maine working group
in Portland, ME; joined by one informal educator. The heterogeneity
of the working groups was intended to balance the review of the
DEW tools and resources.
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The resources and materials used in the working groups consist of
image processing software, investigations, and hands-on materials
developed by DEW Partners. Each partner has an established record
of science education programming, and the synthesis of these efforts
is yielded a collection of image processing software, investigations,
and hands-on materials which now resides on the DEW web site
(http://DEW.sr.unh.edu) which was launched and populated with
the full set of materials and resources in November and December,
2005. The first version of web site was used to support the LHS and
MOS working groups, and a second-generation web design was
implemented for the working group at USM in June, 2006. Each
DEW Partner has a link on the DEW web site, so that UNH has both
Forest Watch and EOS-Webster linked, Indiana State University has
the GIS link, and Global Systems Science is linked as well.

Top -|- Intro -|- Design -|- Adult Learner -|- Results -|- Recommendations

III. Informal Science Education, Adult Learners, and Inquiry
This section reviews our design of the working groups for adults,
with an emphasis on the value of formative evaluation. In particular
we designed and implemented 1-3 day working groups for teachers
and informal science educators. We sought to build connections and
develop a deeper understanding of the big ideas associated with the
DEW grant: data and measurement, light and digital color, plant
science and vegetation health, remote sensing and digital imagery
analysis, and inquiry (environmental monitoring for investigations).
See Figure 2.
The strategic balance of two perspectives, the adult learner with the
practicing science teacher, provided a dynamic structure for
engaging both presenters and participants. Over the three-day,
working group multiple opportunities and specific times were
designated to incorporate each of these strategies. The basic

2012-04-10

page 123

structure for the first day of the working groups followed the
two-part strategy very closely. After the introduction to the working
group, participants rotated through a series of three learning
stations. After each station, participants returned to their computers
to provide feedback on the web-based surveys. Another brief lecture
and demonstration took place in the morning, but over half of the
time in the afternoon was devoted to making classroom connections.
During the remainder of the time working group presenters and
teachers were led by evaluators in a guided, reflective discussion of
the participants’ experiences to the learning stations. The activities
on the second and third days followed the same basic pattern with
some modifications and adjustments.

The literature on
informal science
education is
challenging, due in part
to the unique context,
conditions and
outcomes of formal
(school and universitybased) and informal
(out-of-school) science
education, and the
commonalities between
the two approaches. The
DEW Grant reflected
the two orientations,
Figure 2: The interactive flow of adult learner and teaching professional
formal and informal
science education through the selection of partners. Formal science learning was
represented by UNH, ISU, and USM, and the informal science learning was represented
Museum of Science, Boston, UC-Berkley’s Lawrence Hall of Science, and the Blue Hill
Observatory. While DEW partners represent both approaches, they often overlap, and
operate in complementary ways.
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The overall goal of the DEW grant was to develop tools and
resources for formal, classroom and informal science education.
Relevant themes represented in the informal and formal science
education literature point to a number of key concepts.
1. New paradigm of integrating teaching, learning, and assessment
2. Big ideas used to organize curriculum, content and inquiry
3. Acknowledgment of shared expertise of classroom teachers and
DEW scientists
4. Use of formative evaluation to improve working groups
5. Use of integrative, reflective writing to reveal participants’
learning progressions
6. Authentic relationships between formal and informal learning
7. Emphasis on disciplined inquiry
Science is a field that combines content knowledge, with inquiry and
research to explore and understand questions. According to Sheperd
(2000) the current paradigm of curriculum theory, learning, and
measurement emphasizes the need for both challenging content
learning integrated with reasoning strategies like problem solving
and inquiry. Science teachers, as learners in the working groups,
needed to be socialized into the discourse and practices experts in
the subject matter disciplines (Engle and Conant, 2002). In a
reciprocal way, university experts needed to understand the
limitations of classroom teachers, high-stakes testing, alignment with
science standards, and inconsistent access to technological tools like
computers, hand-held measurement devices, and regular access to
outdoor learning.
Developing authentic relationships between in-school (formal) and
out-of-school (informal) learning is another valued component of
curriculum. The DEW grant partners have authentic programs
linking K-12 schools with UNH like Forest Watch, and ongoing
museum-school partnerships at the Museum of Science, Boston and
at Lawrence Hall of Science, UC-Berkley.
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In 2004 the report of the National Academy of Science Committee on
Test Design for K-12 Science Achievement made explicit connections
between teaching, learning and assessment. The purpose of the
study was “to suggest ways of using research on children’s learning
to improve assessments, including both large-scale national and state
level and classroom assessments” (Smith, Wiser, Krajcik, and
Coppola, 2004, p. 4). Their biggest recommendation was that focus of
teaching should be on big ideas to bring coherence to curriculum and
to help “teachers align curriculum task(s) with learning
performances” (Smith et al., 2004, p. 5). In addition, the big ideas are
organizers for assessment. Big ideas in the DEW grant are vegetation
and environmental health, remote sensing, light, and digital imagery
analysis. Big ideas “are a source of coherence among the various
concepts, models, theories, principles and explanatory schemes to
different classes of phenomenon within a discipline. They also
provide insight into the development of the field and are links
between different disciplines” (Smith et al., 2004, p. 5). The big DEW
ideas were designed in and kept constant through the series of five
working groups. This did set up tensions for teachers in
Massachusetts, Maine, California, Indiana, and New Hampshire
New who are responsible for specific state standards.
Professional development and teacher learning were essential
aspects of the DEW DEW grant activities, although there were no
specific student outcomes. Borko (2004) adopted a “situative”
perspective to characterize the field of research on professional
development. To understand the link between participation in
professional development and the impact on student learning Borko
suggests that teacher learning is a combination of individual
understanding and growth and socialization and en-culturation into
the practices of experts in the field. A clear area of expertise and
practice for the working group presenters was university research
program, Forest Watch. The school-university partnership focusing
on the study of white pine fostered growth of new practices in
classroom teaching and learning. However, DEW working groups
were designed to extend the Forest Watch model of school-university
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research partnerships. The working groups allowed DEW facilitators
to work with middle school and high school teachers to pilot test and
use new DEW tools and resources, such as image analysis software.
The DEW Grant used a professional development model for the
working groups in which both teachers and facilitator/presenters
were seen as experts and as learners, a shared expertise approach
(Engle and Conant, 2002). In addition, participants were considered
experts when it came to making classroom connections about the
feasibility of using DEW tools and resources.
The purpose of the working groups were as much for DEW
presenters to learn what teachers knew about the key DEW, big
ideas, as they were to foster disciplinary engagement of teachers.
Disciplinary engagement means “that there is some contact between
what the students are doing and the issues and practices of a
discipline” (Engle and Conant, 2002, pp. 402-403). DEW presenters
and participants engaged in dialogue on critical issues such as ozone
levels, invasive species, and using plants as indicators of
environmental health; new tools were used for inquiry, digital
images, image analysis and remote sensing. Some of the inquiry
activities were designed, but they were flexible enough to lead
participants to his/her own question(s) for inquiry.
Another feature of effective science teaching and learning essential
for the DEW working groups is the concept of productive
disciplinary engagement (Engle and Conant, 2002).
Focusing on productive disciplinary engagement allows one to trace
the moment-to-moment development of new ideas and disciplinary
understandings as they unfold in real-life settings. It provides a
complementary perspective to views of learning that rely on static
comparisons of student understanding with pre- and post-measures.
By incorporating content and interaction, this perspective also
highlights the ways in which learning is a simultaneously cognitive
and social process. (p. 333)
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The working groups’ design provided as “productive disciplinary
engagement” by placing as many as 4-5 DEW scientists and
educators with 7-8 participants. Furthermore, productive
disciplinary engagement took place as participants formulated their
own questions and designed their own investigations with the
support of DEW scientists. A key question for the grant remained,
did the self-design of inquiry and investigations promote the transfer
of the big ideas to classroom practice or other informal science
settings?
The online reflective writing assessment of the participants provided
important feedback to presenters and evidence of the development
of teachers’ understanding of big ideas. A key feature associated
with big ideas of science learning is the notion of learning
progressions. “Big ideas can be understood in progressively more
sophisticated ways as students (learners) gain in cognitive abilities
and experiences with phenomena and representations. They [big
ideas] underlie the acquisition and development of concepts to a
discipline and lay the foundation for learning” (Smith et al., 2004, p.
5). In the first stage of the working group, planned centers were
structured with DEW tools and resources to represent big ideas.
After rotating through the learning stations participants learned how
to use image analysis software and heard experts describe
applications of plant health and environmental health studies. At
each stage participants were asked to write in the online assessment
and participate in discussions about their understanding of big
ideas.
The design of the DEW working groups was done to balance the role
of adult learner to acquire and consolidate new knowledge and the
practitioner who needs to make connections with professional
education audience and setting.
Top -|- Intro -|- Design -|- Adult Learner -|- Results -|- Recommendations

IV. Working Group Formative Evaluation Design and Results
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The DEW evaluation concentrated on providing formative feedback
to DEW partners who designed and presented the working groups
and workshops. Multiple methods of evaluation were used,
including participant/observation at the working groups, coupled
with an online assessment tool of working group participants, and
interviews of the partners in DEW.

Table 2: Methods Used for Working Groups’ Formative Evaluation
1. Online Survey with Embedded Reflective Writing,
The second year evaluation report is based on primarily on
qualitative descriptive methods with some descriptive, quantitative
data as well. Data collection methods used to evaluate the working
groups included the online, participant survey, focus groups, and
participant-observation. In addition, the agendas for the working
groups provided evidence of the daily structure of time for content
analysis.
The questions for the online, participant survey were developed with
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content experts and informal educators from the DEW grant, and
two evaluators from PolicyOne Research. The online survey
questions were scheduled for completion throughout the working
group at times that matched specific activities and experiences. The
agendas for the working groups include specific times for the online
survey, as well as for focus group discussion with participants.
There were a total of 52 questions spread out evenly over a three-day
working group schedule. The online survey required all participants
to have access to computers during the working group sessions. All
participants who attended the working groups logged on to the
survey, and over 75 percent of the participants completed all of the
questions. One of the reasons for the completion rate was that
participants in the working group at Lawrence Hall of Science could
choose whether to attend one day or all three days. Participants at
all of the other working groups were expected to attend the entire
working group, and to complete all of the online survey questions.
Types of questions in the online survey were a mix of closed, fixed
response questions, and open-ended, reflective questions. As a preand post-measurement of impact, working group participants
responded to the same set of closed questions. Embedded in the
working group were open-ended, reflective questions about the
content and big ideas. The reflective writing prompts were organized
by the following core questions:

* “What did you learn?”
* “What questions do you have?”
* “Describe two things that helped you make a classroom connection.”
* “Tell us one thing about yourself as a learner that you want us to know.”
There were separate reflective writing events after each learning
center session, approximately once every 1 ? to 2 hours. Participants
wrote about the big ideas from each learning center:
* Light and light sources
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* Digital cameras
* Filtering light (dueling light beams)
* Flowers and filters
For example, the set of questions following the “Flowers and Filters”
read,
* “One thing you learned about your experience with the Flowers and Filters learning
center.”
* “A second thing you learned about your experience with the Flowers and Filters learning
center.”
* “One question I have or something I don’t understand about the Flowers and Filters
learning center.”
The questions were designed to engage teachers to discuss complex
concepts, and to model the meta-cognitive processes representing
constructivist learning principles. One of the design principles of the
working groups was to engage learning through the identification
and development of questions. The questions of value were
provided by working group leaders and were based on individual
needs and interests.
The concluding questions for each day were about the transfer of big
ideas to the classroom and about working group overall. Questions
were written to prompt participants to do the following:
* What is one way you could use the knowledge you have gained about
color and light in your classroom teaching?
* What are two suggestions for improvement of the working group?
As you can see participants were asked to engage in repeated,
focused reflective writing prompts throughout the day, resulting in a
constructivist, reflective role for the participants. One of the
advantages of the online survey was the immediate output of survey
results for feedback to presenters, and it provided a monitor to
participants’ completion. Embedding the survey throughout the
agenda of the working group allowed for participants to write out
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his/her reactions to learning experiences. Once the names of
participants were removed from the data and the results were
provided to presenters for their review.

The following example
illustrates how the online,
open-ended writings were used.
The online survey results for
open-ended questions were read
and analyzed using existing
question categories derived
directly from instructional
goals. For example,
participants’ reflective writing
from the learning station
entitled “Using Light-emitting
diodes (LED’s) and voltmeters
to measure light energy” would
Figure 2: Sample of Reflective Writing
be coded initially with the
words “use of LED’s,” “use of voltmeters,” and “measurement of
light energy”. As the text was read there were new coding
categories added to match the participants’ narrative, such as “this is
never understood this concept”.

Figure 3: Working Group Participants Investigating LED’s and Light
2. Online Survey Questions
The online assessment was embedded in the agenda of the working
groups so that participants respond to reflective writing prompts
about learning activities and presentations immediately. Working
group evaluators process this information and provide immediate
feedback to presenters and organizers. For each working group the
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online assessment consisted of questions about:
participant background (fixed response)
content preparation and confidence to teach DEW concepts
(fixed response),
teaching practices and computer technology capacity for
teaching and learning (fixed response),
reflective questions about DEW concepts and resources
following specific working group activities (open-ended),
suggestions for improvements of DEW concepts and resources
(open-ended),
effects of DEW activities on understanding of DEW concepts
(open-ended).
Participants were asked to respond to questions approximately 3-4
times per day, at pre-determined intervals. Participants were given
ten minutes to complete the assigned online writing assessment. The
online assessment also allowed for participants to review and revise
responses during the working group; s/he could go back to
questions previously answered, but they could not go forward
unless they responded to all questions. The goal was for total
completion of the online survey, but the final responses of some
participants could be submitted at his/her convenience during the
evening or in-between sessions.

Table 2: Comparison of Questions About Confidence to Teach
Science Content: Pre- and Post-Working Group. (Based on a 5-point
Likert scale, 1=Strongly Disagree to 5=Strongly Agree)

3. Participant-observation and Focus Group Interviews
As the primary DEW evaluator, Jeff Beaudry attended all of the
working groups as a participant-observer, participating directly in
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learning stations and inquiry as a citizen scientist, and conducting
informal individual interviews, as well as formal focus group
interviews. He began the series of working groups as a novice
science learner with limited understanding of DEW concepts like
remote sensing data, image analysis software, and using light and
color to understand plant and environmental health. However, Jeff
has extensive background in scientific photography, with an
Associate of Arts in Bio-medical Photography. Jeff has taught courses
in cameras, color filters and light. In addition to the working groups,
I attended several Forest Watch Workshops at UNH. My role as the
lead evaluator included management and technical assistance of the
online survey, facilitator of focus group discussion, informal
interviews of participants, and debriefing interviews of DEW
presenters. Field notes were written to summarize focus groups,
interviews and debriefing. Furthermore, I participated directly in a
number of learning stations and activities at working groups in
Indiana State University, Lawrence Hall of Science, Museum of
Science and the University of Southern Maine. In each case, I sat
with participants throughout the working group schedule to develop
a working trust with participants, to participate as an adult learner,
and to observe participants interactions with the DEW tools and
resources as closely as possible. Other evaluators were included in
several of the working groups. Two PolicyOne evaluators attended
the UNH working group, an intern from the Museum of Science,
Boston attended the ISU working groups, and a research assistant
attended the working groups at the Museum of Science, Boston and
the University of Southern Maine. All of the evaluators wrote field
notes and participated in extensive debriefing with the lead
evaluator after the working groups.
4. Participants’ Content Learning
Multiple methods were used to include participants’ understanding
of key DEW concepts and the challenges of using DEW concepts in
their formal and informal science education work. All responded to
a set of questions at the beginning, during and at the conclusion of
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the working group that focused the content learning of the working
group. An initial battery of questions asked about teachers’
understanding of key concepts of the DEW grant, such as light and
color, reflectance and absorbance of light, use of digital and satellite
imagery, image analysis, and inquiry.

Figure 4: Using Color Filters to Understand and Measure Plant
Health
A consistent pattern for middle and high school educators was that
key DEW concepts were not familiar topics. In pre-working group
questions participants indicated that they had little background in
key DEW topics like using light to look at plants and remote sensing
and spectrographic measurement. At the conclusion of each working
group, a parallel series of questions asked whether teachers
improved their understanding of DEW science content. Participants
rated their learning of key DEW topics at the working group very
high. These responses indicate that teachers learned more about the
topics presented, particularly using plants to look at plants, light and
color and cameras as data collection tools. Mean scores for the UNH
and LHS respondents were at least 4.11 or higher, indicating strong
agreement of improved understanding of content. While the
working groups were instrumental at increasing confidence with this
content, comments from the
Issues in content identified in open response questions were as
follows:
Light is a specific topic usually taught in physics
Color is a specific topic usually taught in physics; the use of
spectroscopy to analyze matter may be done in chemistry
The use of color filters to study the health of plants and trees is
not there
Study of trees and plants may be found in programs like Forest
Watch and Project Learning Tree
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Teachers like the basic concept of Forest Watch: specific trees and
plants can be used as indicator species. Forest Watch uses white
pine and now has added maple trees.
Photosynthesis is the topic found in middle and high school, but
is taught as a chemical reaction, not integrated with the concept
of plant and tree health
Top -|- Intro -|- Design -|- Adult Learner -|- Results -|- Recommendations

V. Recommendations for Future Working Groups
* Clarify the purpose of the working groups, understanding plants as
indicators of environmental conditions; more explicit connections
with the environmental questions of how vegetation health generates
questions about local, regional and global environments
* Balance the need for participants to explore ideas and generate
their own questions about plants as indicators of environmental
conditions with the structure necessary for learners to organize
complex ideas in the DEW grant
* Focus and revise learning centers – remove some of the materials
and equipment, add directions and labels; break down learning
centers into smaller, more focused units, with more emphasis on
digital cameras as remote sensing, data collection devices
* Model ways for teachers to use digital cameras – have sets of digital
images ready for analysis, require teachers to bring digital images
* Review materials to begin the process of designing
accommodations for learners with special needs
* Continue to develop model Investigations of a wide variety –
teachers will use the satellite imagery, especially if it includes their
own geographical location; each working group location should
have pre-made sets of remote sensing data (satellite imagery,
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photographs, etc); encourage students and teachers to contribute
their local Investigations to the DEW resource collection
* Develop long-term plans for communications with and support of
working groups
* Develop strategies for reviewing and evaluating learning activities
to meet standards of quality, classroom assessment
* Incorporate concept mapping software directly into web site,
working groups and learning centers; content for light sources,
filters, and digital cameras should have concept map templates
* Catalog learning activities and make the connections with state
standards in science, geography, and mathematics for middle and
high school students
* Make explicit connections with the Global System Science materials
* Explore strategies to create ongoing learning communities with
participating teachers and DEW faculty; incorporate the work of
teachers involved in the first round of working groups into the
design of subsequent working groups
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All About Digital Earth Watch—Part III: Evaluation—Chapter 13

Program Evaluation of Digital Earth Watch
Digital Earth Watch Program Evaluation
NASA REASoN Project Survey and Forest Watch Survey
Jeffrey S. Beaudry
University of Southern Maine
A. Mavourneen Thompson
Thompson Consulting

Timeline of Graphic Logos and Identities

Introduction
The program evaluation took place over a five-year time period,
beginning with Measuring Vegetation Health (MVH) and concluding
with Digital Earth Watch. The change of name was an important
indicator of the search for an identity, and shifted the emphasis
This chapter is composed of two sections: the first explains how one
NASA REASoN project, Forest Watch of the Measuring Vegetation
Health series, performed a program evaluation of its project, which
included an online survey; the second section illustrates how the
survey of the Forest Watch project developed into another, more
widely comprehensive survey. The Question Bank, which was
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developed for use by several other NASA REASoN projects.

The Forest Watch Survey
Forest Watch project managers were interested in obtaining an
evaluation tool that allowed them to efficiently gain information
about their project activities. The program managers were looking
for feedback from those persons with whom the project engaged: the
teachers, students, and administrators ? the “stakeholders”. This
information would help the managers gain insight into the
effectiveness of their project activities, thus enabling them to adjust
current and future activities in order to fully achieve the overall
goals of the project ? in this case, NASA REASoN goals: NASA
Operating Principles for Education ?Relevance, Content, Diversity,
Evaluation, Continuity, and Partnerships/Sustainability. Keeping in
mind the overall NASA Education goals which their project was
theoretically and, hopefully, practically compelled to achieve, the
Forest Watch managers chose to initiate a program evaluation.
The Value of Program Evaluations.
Program evaluations serve many purposes; among these, the
following:
1. Evaluations advance the state of knowledge about society’s needs.
2. Evaluations help ascertain if innovative programs have been
successful.
3. Evaluations determine how effectively a program can contribute to
a solution.
4. Evaluations improve the overall performance of grant making.
5. Evaluations identify best practices, the results of which can be
shared for the benefit of the larger community.
6. Finally, evaluations improve individual grantor and grantee
performance.
7. Evaluations provide grant makers with an understanding of the
extent to
which the funded programs have fulfilled the established goals
and objectives.
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The Forest Watch Program Evaluation: A Discovery and
Exploration
The Forest Watch evaluation process had three components:
interviews, online surveys, and case studies. Both the interviews and
surveys were part of a “real-time” feedback system where managers
gathered relevant qualitative and quantitative data, useful for
assessing their project. For instance, the survey was administered
online in an attempt to accommodate teacher who would be able to
approach the survey at their own convenience, answer questions,
leave the survey, and return to where they had left off. Thus the
survey was easy, accessible and convenient for teachers’ complex
classroom environments. The answers were analyzed then
transmitted to the program managers immediately for their review.
Evaluating the Forest Watch project stakeholders while they were
actively engaged in project activities created an opportunity for each
program manager to gain valuable insight into his/her program.
This benefitted managers as well as the larger community of people
committed to NASA REASoN program goals. Data gathered by each
REASoN program manager provided a means for meeting NASA
reporting requirements. Therefore, NASA administrators obtained
data that allowed them to analyze the overall effectiveness of the
REASoN Projects.
For instance, managers could be informed about the issue of
sustainability, one of the NASA REASoN operating principles for
education: If NASA’s goals were reached, non-grant sources were
more likely to help sustain the project with entrepreneurial
investments, either by supporting infrastructure, subsidizing staff, or
simply creating new grant sources. Not to be forgotten, project
managers who demonstrated success in meeting NASA’s goals were
more likely to be given high marks for future grant awards.
Components of the Forest Watch Program Evaluation
Interviews
The interviews with selected representatives from the funded
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program were designed to provide the manager with qualitative
data about the program and to increase the understanding of what
worked, what didn’t, and why. Interviews were used to (1) formulate
survey questions and (2) provide preliminary information for the
case studies to follow.
Survey
Evaluators designed and implemented a survey that provided both
qualitative and quantitative data about the program. The Forest
Watch survey allowed evaluators to access data from a broader range
of people than the interviews would practically allow. The survey,
administered online, significantly enriched the evaluation data.
Case Studies
Case studies shed light on factors that impact performance, such as
administrative style, employee attitudes and peer culture within the
program. Balanced evaluations involve both quantitative and
qualitative methods of inquiry. While there are several qualitative
methods of research, three are major: participant observation,
non-participant observation, and ethnographic research. Case study
is a non-participant observation method of qualitative evaluation.
The case study allows the evaluator to gain insight into why a
particular program does or does not operate well.
The case study may involve in-depth interviews and observations of
people involved in a particular program, as well as a review of
program documentation and materials.
Case studies are conducted through in-depth interviews with
persons directly involved in the delivery of the funded programs as
well as persons outside the agency who interact or collaborate on
service delivery. Clients may be interviewed. Interviews are
supplemented with a review of existing program material including
program descriptions and progress reports.
A Description of the Forest Watch Online Survey
With questions based on the NASA REASoN Operating Principles
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for Education, the survey was tailored specifically to the MVH
“Forest Watch” Project.
Samples of Forest Watch Online Survey Questions
Diversity/Demographics: gender, culture, ethnicity, socio-economic status,
inclusive, disabilities, equity
1. Indicate the percentage of students in your school who qualify for
free and reduced lunch: ___0-5% ___6-10% ___ 11-15% ___16-25%
___26-40% ___ more than 41%.
2. Indicate the percentage of students in your school who are English
Language Learners (ELL): ___0-5% ___6-10% ___ 11-15% ___16-25%
___26-40% ____more than 41%.
3. Indicate the percentage of students in your school who qualify for
special education services: ___0-5% ___10% ___ 15% ___25%
___41-60% ____ 61% or more.
Relevance: current, hands-on, experiential, meaningful, interesting, service
learning
(Strongly agree, Agree, Neither agree nor disagree, Disagree,
Strongly disagree)
1. Forest Watch helps me to develop hands on activities for my
students.
2. Forest Watch activities engage my students.
3. I often teach my students outdoors.
4. I often use classroom lessons to help students understand their
community.
5. I often help my students work with community members.
Content/Pedagogy: grade level, specific content areas, local, state, national
content and performance standards
The following questions relate to these outdoor Forest Watch
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activities:
* Outdoor data collecting
* Indoor learning and labs
* Data compilation
* Data submission
(Strongly agree, Agree, Neither agree nor disagree, Disagree,
Strongly disagree)
1. Forest Watch fits within my school district’s content and
performance standards.
2. Forest Watch is mostly suitable for high-achieving students.
3. Forest Watch is mostly suitable for mid-achieving students.
4. Forest Watch is mostly suitable for low-achieving, at-risk students.
5. Forest Watch is suitable for students with learning disabilities.
Evaluation: state assessments, local assessments, program
evaluation, reflective assessments
(Strongly agree, Agree, Neither agree nor disagree, Disagree,
Strongly disagree, Not applicable)
1. Forest Watch helps me teach and assess my students in
mathematics content.
2. Forest Watch helps me teach and assess my students in science
content.
3. Forest Watch helps me teach and assess my students in technology
content area.
(Yes, No)
4. I need help in assessing my students’ learning in relation to Forest
Watch.
5. I can assess my students’ learning in relation to Forest Watch.
6. My formal assessment of Forest Watch is:
a. Selected response tests
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b. Extended writing tests (essays and written tests)
c. Formal product (lab notebook, written report, etc.)
d. Performance Assessment (presentations, posters, power points,
etc.)
Continuity: resources (materials and planning), systemic use and change
(transformation, model program), horizontal and vertical alignment
(Strongly agree, Agree, Neither agree nor disagree, Disagree,
Strongly disagree, Not applicable)
1. Forest Watch reflects what my students need to learn.
2. Forest Watch helps me to connect to my students’ prior learning.
3. Forest Watch activities and lessons are taught in different grade
levels in
a systematic, planned progression of learning.
4. I have the instructional resources to use Forest Watch
(computers, instruments to measure color reflectance, access to
plots).
5. I need to acquire more supplies/materials in order to use Forest
Watch.
6. My colleagues are very likely to use Forest Watch in their classes.
7. The Forest Watch website has helped me to
use Forest Watch tools and resources.
8. The Forest Watch website has helped me to do
outdoor activities with my students.
9. The Forest Watch website has helped me to write lesson plans.
10. The Forest Watch website has helped me to do indoor labs with
my students.
11. The Forest Watch website has helped me to review Forest Watch
data books.
Partnerships/Sustainability: administrative support, leadership, how
fits in relation to all else, conflicting demands of other programs,
professional development, collaboration with colleagues and experts
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(Strongly agree, Agree, Neither agree nor disagree, Disagree,
Strongly disagree, Not applicable)
1. Forest Watch activities help me teach my students how to learn
science and value science learning.
2. Forest Watch activities help me to adopt teaching and assessment
strategies that support the development of student understanding of
science.
3. Forest Watch activities help me to adopt teaching and assessment
strategies that nurture a community of science learners.
4. Forest Watch activities help me to adopt teaching and assessment
strategies that support the development of student understanding of
science.

Some of the Results of the Forest Watch Survey
Content and Pedagogy: Performance Standards
The Forest Watch curriculum was reported by 90 percent of the
participating teachers as fitting suitably within each of their school
district’s content and performance standards. However, interviews
with the same teachers indicated that it was their familiarity with
Forest Watch as participants that led them to agree that the program
is aligned with standards. On the face of it, Forest Watch would not
appear to be aligned with state standards to the uninvolved teacher
who might be considering using the program.
Content and Pedagogy: Level of Student Suitability
Forty percent of the participating teachers agreed or strongly agreed
that the Forest Watch program was suitable for students who had
learning disabilities. Associated with this may be the fact that 90
percent of the teachers indicated that Forest Watch helped them to
develop hands-on activities for their students.
Content and Pedagogy: Scientific Inquiry
New science standards heavily emphasize student inquiry. It is
important that 90 percent of the teachers agreed or strongly agreed
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that the Forest Watch project helped them raise the level of their
students’ sensitivity and interest in scientific inquiry. The fact that
this program allowed inquiry in partnership with university
researchers may have further helped to motivate students.
Content and Pedagogy: Teaching Science, Mathematics, and
Technology Content
The Forest Watch curriculum was reported by 94 percent of the
respondents as being helpful in teaching and assessing students in
science content; 65 percent of the participating teachers reported it
was helpful in teaching and assessing students in mathematics
concepts; and a majority (59 percent) reported that Forest Watch was
helpful where technology content was concerned.
Content and Pedagogy: Equity
Most of the teachers reported that the project also helped them
address gender equity issues among their students. Both boys and
girls have a more even playing field with the Forest Watch program.
Continuity and Alignment: Curriculum Alignment
The Forest Watch curriculum was reported by more than 94 percent
of the participating teachers that the curriculum both reflected that
which their students had to learn and matched their prior learning
(78 percent).
Continuity and Alignment: Systematic Progression of Curriculum
Reflective of certain issues with the Forest Watch curriculum,
however, is the fact that there was no strong consensus among the
teachers that Forest Watch activities and lessons are taught in
different grade levels in a systematic, planned progression of
learning. This would likely pose a problem for busy teachers and
reduce their commitment to use the Forest Watch curriculum. This
raises the question of whether Forest Watch curriculum adheres to
content standards.
Continuity and Alignment: Resources
Availability of appropriate resources is very important. Almost 90
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percent of the teachers reported that they had access to computers,
instruments to measure color reflectance, and access to plots.
Continuity and Alignment: Forest Watch Website
The results of questions regarding the Forest Watch website indicate
a need to reconsider the design, for it was to only two questions that
respondents agreed the site was useful and effective. First, to the
question of whether the site was useful in helping teachers use data,
there was a relatively strong positive response: 45 percent of
respondents reported that they either agreed or strongly agreed; 33
percent offered no opinion. Since part of the function of the
University of New Hampshire is to produce data, it seems that this
function of the site was effective. Second, when asked if they found
the Forest Watch website useful in helping them to use Forest Watch
tools and resources, 56 percent agreed or strongly agreed.
On the other hand, 72 percent of respondents were noncommittal
when asked if the site helped them to organize and do outdoor
activities with their students. Did the website help teachers to write
lesson plans? Almost a third disagreed and 44 percent were
noncommittal. Only a few of the teachers found that the site helped
them to review the Forest Watch Annual Data Books; this could
mean that either the teachers did not review the data books or that
they did not need the site in order to do so. Apparently, only a third
of the teachers agreed that the site helped them to use Forest Watch
power point presentations from the annual meetings. It appears that
the website needs to be reconsidered and redesigned in order to be
helpful in driving instructional change.
Continuity and Alignment: Forest Watch Measurements, Protocols
and Activities
In responding to Forest Watch measurements, protocols and
activities, teachers reported the following:
56 percent of teachers always collected and sent needle samples
to UNH.
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67 percent always measured diameter breast height (DBH).
56 percent always measured and recorded needle retention.
56 percent always measured and recorded canopy, closure and
ground cover.
61 percent always reported ozone damage symptomology and
needle damage assessment.
50 percent always reported tree height/height of live crown.
61 percent never completed Global Positioning System/plot
center.
72 percent never completed Spectronic 20 analysis.
50 percent never measured needle anatomy/thin sections.
72 percent never did Land Cover classification/remote sensing
with Multispec.
50 percent never completed the Qualitative Site Analysis
activity.
44 percent never completed the water content activity.
89 percent never completed the ALTA activities.
72 percent did not have an adequate number of ALTAs for the
reflectance measurement activity.
72 percent did not have an adequate number of SPEC 200s for
the reflectance measurement activity.
Questions arise about whether teachers had sufficient materials for
the specific protocols and activities reported above. Also, one must
ask if class periods allotted enough time for the scientific pursuits of
Forest Watch.
Evaluation and Assessment: Summative Assessments
Thirty-five percent of teachers reported that they used Forest Watch
to support summative assessments. Of those, five teachers (30
percent) always or sometimes used selected response tests, extended
writing tests, lab notebooks or written reports, and performance
assessments (presentations, posters, power points) for the
summative assessment of Forest Watch activities.
Evaluation and Assessment: Rubrics
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Approximately one third (35 percent) of responding teachers said
they developed rubrics to assess their students’ performance of
Forest Watch activities.
Evaluation and Assessment: Generating Forest Watch Data
Forty-seven percent of teachers reported that they generated Forest
Watch data without assessing their students’ work. This may show
that half of the teachers use Forest Watch as an extension activity, not
closely related to the science content that is assessed.
Evaluation and Assessment: Aspirations
Respondents were asked “To what degree has your involvement in
Forest Watch influenced you to pursue an advanced degree in
Environmental Science, a related science field, or education?” More
than half (53 percent) answered positively. The responses indicated
that Forest Watch informs teachers and provides encouragement for
professional development.
Evaluation and Assessment: Promoting Technology Development and
Environmental Understanding
Forest Watch research activities were reported as having helped
students understand the importance technology development and
environmental understanding. All but two teachers reported this,
with 41 percent of respondents saying that more than half of their
class benefited with a better understanding of technology
development and environmental understanding.
Evaluation and Assessment: Environmental Monitoring
Teachers were asked to respond to the following statement: “Forest
Watch helped you add or improve your classroom teaching of
environmental monitoring.” Teachers generally agreed and offered
the following comments:
Background understanding, hands-on science
activities;
Helps kids see the importance of attention to details;
I have used the Ozone creation models to teach students about
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long-range pollution.
It is fair to say that Forest Watch provides a specific, relevant
example of environmental monitoring by taking a single, indicator
species and exploring its importance in detail.
Evaluation and Assessment: Professional Development
Teachers were asked to indicate how Forest Watch may have
enhanced their professional development. The following teachers’
comments are presented according to themes:
Professional Development as a Science Teacher: Keeps me in touch
with cutting edge scientific research and the scientific community;
learning content, learning about how science is done, expanding my
understanding, tools and methods of science; summer training; other
teachers’ descriptions of their use of FW; updates on current research
by Barry Rock and others; annual meetings always provide an
interesting selection of professional development
topics.
Inspiration of Authentic Science Research: I have been inspired by
people doing authentic research; using authentic science in the
classroom and outdoors; data collection strategies provide a real life
data collection situation; I am aware of ozone level monitoring,
white pine health, tip necrosis, etc. I am more observant and
knowledgeable when I take my students outdoors into our pine and
beech
groves.
Inquiry and Project-Based Science Linking Math and Science: Hands on
activities for students; use of technology for environmental assessment.
Specific Example of Data Collection: Data collection on trees has
been helpful in teaching students the importance of quality data
collection; workshops/meeting with training in various protocols;
the technical data on red edge inflection and chlorophyll content.
Evaluation and Assessment: School-Scientist Partnerships
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"The purpose of the Forest Watch program is to partner with schools
in evaluating the health of white pine in New England." Teachers
gave the following suggestions for the improvement of Forest Watch
with respect to school-scientist partnerships:
Opportunities to Share Information and Ideas: Keep the annual
meetings going.
Cutting edge scientific research and the scientific community!!!!
Keep up the great connection!! Other teachers’ descriptions of their
use of F; visits to school by Forest Watch scientists; updates on
current research by Barry Rock and others doing authentic research;
using authentic science in the classroom and outdoors; data
collection strategies provides a real life data collection situation
hands on activities for students.
Partnership and Sustainability: Inquiring and Valuing Science Learning
Teachers were asked to what degree Forest Watch helped them teach
their students science inquiry. All of the 17 teachers who responded
answered that they agreed or strongly agreed. Similarly, to the
question of whether Forest Watch helped the teachers to encourage
their students to value science learning, all 17 agreed or strongly
agreed. All but one of the teachers agreed or strongly agreed that
Forest Watch activities helped students generate their own questions
about science and that the program elicited authentic science inquiry.
Partnership and Sustainability: Strategies for Teaching and Assessing
Teachers showed unanimity in reporting that Forest Watch activities
helped them adopt teaching strategies that support student
understanding of science. All but one of the 17 reporting teachers
said that Forest Watch activities helped them adopt teaching and
assessment strategies that nurture a community of science learners.
Partnership and Sustainability: Academic Community
Most of the teachers (60 percent) said the connection to University of
New Hampshire researchers was important or very important.
Partnership and Sustainability: Reasons for Participating in Forest Watch:

2012-04-10

page 152

Alignment, Outdoor Learning, Global Environmental Issues, and
Mathematics and Technology
It was important to all but one of the teachers that the following
statement influenced their participation in Forest watch: "There is a
close alignment between Forest Watch and our state science
standards." This survey question presented some ambiguity as to
the resulting data. However, it most likely means that the
participating teachers believed that the Forest Watch program would
match their state’s standards; whether they did or not is not a subject
in this question. Nevertheless, the results show that matching state
standards was important to most of the teachers.
With regard to this statement, "Forest Watch creates opportunities for
outdoor learning."-the teachers unanimously agreed that this
expectation was important or very important for their participation
in the program. Likewise, teachers reported the same for these
statements: "There are important connections between Forest Watch
activities and global environmental issues.” and "Forest Watch helps
me to integrate science with mathematics and technology."
Partnership and Sustainability: Continued Participation
The teachers all reported that they would participate in Forest Watch
professional development opportunities using distance learning
technology (Webcasting, Learn Linc, Elluminate, etc.).
NASA Question Bank: Collaboration Among REASoN Project
Managers to Assess Projects’ Outcomes as Related to NASA
“Operating Principles for Education”
The Question Bank was developed with the goal of furthering
NASA’s efforts to provide rich and unique scientific data to every
teacher and classroom in the United States. The Bank was developed
with the following principles, promoted by the National Aeronautics
and Space Administration (NASA), in mind:
NASA Operating Principles for Education:
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i. Relevance
ii. Content
iii. Diversity
iv. Evaluation
v. Continuity
vi. Partnerships/Sustainability
These principles are also described as: Customer Focus, NASA
Content, the Pipeline, Diversity, Evaluation, and
Partnerships/Sustainability.
NASA encourages education programs with the goals of (1)
increasing the number of students pursuing advanced degrees in
science, technology, engineering, and mathematics, and (2) making
the most effective instructional use of computers, the Internet and
other developing technologies.
Within the structure of a “logic model” (See Appendix II), often used
by strategic planners and evaluators, the principles became
“outcomes” which NASA REASoN grant products may attain. Thus,
the NASA principles, as desired outcomes, are embedded in the
Question Bank.
The process works like this: Each Principal Investigator (PI) of a
REASoN grant can determine his/her product’s effectiveness by
posing questions selected from the “survey bank of questions”
(Bank) to his/her various stakeholders. For instance, a REASoN
Formal Education K-12 program manager may want to know if
his/her REASoN product ?perhaps a website providing NASA Earth
Science data ?encouraged students to consider a NASA-related
career. The PI would select Formal K-12: Students: G. Careers:
Question 2: “The product made me think I want to study science in
college.”
Thus, the PI discovers whether the NASA product is influencing this
particular student to pursue a scientific career, or to wish to study in
the content area. The PI’s product has, therefore, demonstrated
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attainment of one of the NASA principles: “…develop ongoing
relationships between NASA and adult-led groups of students in
order to expose students to unique NASA content, careers, and
Mission.”
The Bank has three major areas: Formal K-12, Informal, and Higher
Education. Within each major area there are questions suitable for
the different stakeholder groups, as follows:
i. Formal K-12
a. Teachers
b. Students
c. Administrators
ii. Higher Education
a. Faculty
b. Students
c. Administrators
iii. Informal
a. Teachers
b. Virtual Users
c. Individuals/Community Groups
Following are samples of questions from the Formal, K-12 Teachers
section of the Question Bank. The PI interested in discovering
teachers’ responses to questions of Content, Diversity and
Partnerships/Sustainability (three of the NASA REASoN Operating
Principles) would construct his/her survey with selections from the
following questions from the Bank:
Student Ability
1. This _____(product/activity) is mostly suitable for students of high ability.
2. This _____(product/activity) is mostly suitable for students of high ability in grade _____.
3. This _____(product/activity) is mostly suitable for students of moderate ability in grade
__.
4. This _____(product/activity) is mostly suitable for students of low ability in grade _____.
5. This _____(product/activity) is suitable for students with learning disabilities.
6. This _____(product/activity) will have to be modified in order to meet the needs of
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students with learning disabilities.
7. A modification would be the following: (Please explain the modification and the
student disability that would require the modification.)
For Teachers Responsible For Science/Technology Content:
1. I have a thorough foundation to teach the science content associated with the
__________(product/activity).
2. The science content associated with the __________(product/activity) is aligned with
my state’s curriculum standards.
3. The science content associated with the __________(product/activity) is aligned with
my school district’s curriculum standards.
4. I have the classroom materials necessary to teach the science content associated with
the __________(product/activity).
5. I have the computer technology necessary to teach the science content associated with
the __________(product/activity).
6. I have a thorough foundation to teach the technology content associated with the
__________(product/activity).
7. The technology content associated with the __________(product/activity) is aligned
with my state’s curriculum standards.
8. The technology content associated with the __________(product/activity) is aligned
with my school district’s curriculum standards.
9. I have the classroom materials necessary to teach the technology content associated
with the __________(product/activity).
10. I have the computer technology necessary to teach the technology content associated
with the __________(product/activity).

Content: For Teachers Responsible for Mathematics Content:

1. I have a thorough foundation to teach the mathematics content associated with the
__________(product/activity).
2. The mathematics content associated with the __________(product/activity) is aligned
with my state’s curriculum standards.
3. The mathematics content associated with the __________(product/activity) is aligned
with my school district’s curriculum standards.
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4. I have the classroom materials necessary to teach the mathematics content associated
with the __________(product/activity).
5. I have the computer technology necessary to teach the mathematics content associated
with the __________(product/activity).

Sustainability
1. Is the ________(product/activity) something you will continue to use?
2. Is the ______(product/activity) easy to use?
3. Can you put the _____(product/activity) into an existing program?
4. Does your course run more smoothly because of this tool?
Institutional Support for Using the _____(Product/Activity)
1. I have easy access to computers for the use of this ____(product/activity).
2. I have sufficient access to computers for the use of this ____(product/activity).
3. I have sufficient access to the Internet for the use of this____(product/activity).
4. My colleagues support my use of this ____(product/activity).
5. My administrators support my use of this ____(product/activity).
6. I have sufficient support from the Computer Lab in order to use this
____(product/activity).
(Note: The item bank contains hundreds of questions, based on the
NASA Operating Principles of REASoN grants, from which a PI
could choose to construct surveys for several groups of stakeholders,
for instance, K-12 and Higher Education Teachers, Students,
Administrators.)

The Logic Model:
Overall Scheme to Determine Short-term and Long-term Outcomes
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The Logic Model is a schematic that assists in planning the Program Evaluation. Evaluators
develop the model through discussion and interviews about the following:
Resources/Inputs
Strategies
Activities
Outputs
Outcomes: Short- and Intermediate- term outcomes
Outcomes: Long-term
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All About Digital Earth Watch—Chapter 14

The Future of Digital Earth Watch
The Digital Earth Watch project grew out of
a NASA-funded project Measuring
Vegetation Health as a collaboration of
several key partners. The future of this
effort is tied to the health of those partner
projects, which are all substantial projects
in their own rights. The website is hosted
by the Global Systems Science project at Lawrence Hall of Science. Forest Watch continues
to enlist New England teachers in forest studies. As of 2012, Picture Post is supported by
NASA funding.
We encourage you to explore and use the resources on the Digital
Earth Watch website and share with your friends colleagues.

2012-04-10

page 159

